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A b s t r a c t 
H i s x o r i c a l d a t a s u g g e s t e d t h a t t h e m o n i t o r i n g of 
b i o l o g i c a l p a r a m e t e r s might p r o v i d e a r e a l - t i m e method of 
p r e d i c t i n g the p o s i t i o n of ocean f r o n t s ( c r i t i c a l t o ASV 
o p e r a t i ons) . 
A s e r i e s of o c e a n o g r a p h i c s u r v e y s was t h e r e f o r e 
u n d e r t a k e n t o i n v e s t i g a t e t h e d i s t r i b u t i o n of v a r i o u s 
p a r a m e t e r s ( i n c l u d i n g c h l o r o p h y l l a ( C h i . n u t r i e n t s , 
ATP, and pH) a c r o s s s u c h f r o n t s . 
These s u r v e y s d e m o n s t r a t e d t h a t t h e c o n t i n u o u s 
m o n i t o r i n g of c h l o r o p h y l l f l u o r e s c e n c e . ( C h i F) p r o v i d e d 
the most e f f i c i e n t r e a l - t i m e method f o r d e t e c t i n g t h e 
s u r f a c e p o s i t i o n s of d e e p - s e a , s h e l f - s e a , and s h e l f - e d g e 
f r o n t s ( o f t e n , i n advance of t e m p e r a t u r e ) . 
The r a t e of change i n a p a r a m e t e r (not a b s o l u t e l e v e l s ) 
proved t o be c r i t i c a l i n d e t e c t i n g a f r o n t a l s y s t e m . 
A computer model was d e v e l o p e d t o f l a g a l a r m s when the 
r a t e of change i n a p a r a m e t e r i n d i c a t e d t h e p r o x i m i t y of 
the f r o n t . T h i s was a p p l i e d t o a s e r i e s of c r o s s i n g s of 
the Ushant f r o n t : a t a r a t e of change of 10%, C h i F 
d e t e c t e d 100% of a l l c r o s s i n g s and s k i r t i n g s of the f r o n t , 
78% of d e t e c t i o n s b e i n g 0.5-2.0 m i l e s i n advance of 
t e m p e r a t u r e , w i t h no f a l s e a l a r m s . When t h e s e n s i t i v i t y 
was r a i s e d ( 5 % ) , t h e d i s t a n c e a d v a n t a g e i n c r e a s e d t o 5.0 
mi l e s . 
S e a s o n a l b a s e l i n e l e v e l s were e s t a b l i s h e d f o r C h i F 
around t h e UK. Changes i n C h i F were a l s o found t o be 
a s s o c i a t e d w i t h t e m p e r a t u r e and s a l i n i t y g r a d i e n t s d u r i n g 
t h e w i n t e r months. C h i F may t h e r e f o r e a l s o p o s s i b l y be 
used t o d e t e c t permanent f r o n t s t h r o u g h o u t t h e y e a r . 
A ttempts were made t o r e f i n e t h e model by c o n s i d e r i n g 
the e f f e c t s of d i u r n a l v a r i a t i o n and t h e a d d i t i o n of t h e 
p h o t o s y n t h e t l c i n h i b i t o r 3 - ( 3 , 4 - d l c h l o r o p h e n y 1 ) - 1 , 1 -
d i m e t h y l u r e a (DCMU) on t h e f l u o r e s c e n c e : C h i a. r a t i o . 
D i u r n a l v a r a t i o n was found t o be masked by i n t e r n a l wave 
a c t i o n , and t h e a d d i t i o n o f DCMU was not found t o enhance 
th e c o r r e l a t i o n between C h i F and C h i a. 
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1. INTRODUCTION 
1.1. D e f i n i t i o n 
J o h a n n e s s e n C1975) h a s d e f i n e d a f r o n t i n t h e o c e a n a s 
"a zone where a b r u p t h o r i z o n t a l c h a n g e s I n t h e t e m p e r a t u r e 
and/or s a l i n i t y f i e l d s t a k e s p l a c e " . F r o n t s a r e formed i n 
e v e r y ocean, i n s u r f a c e a s w e l l a s s u b s u r f a c e l a y e r s , and 
on s c a l e s v a r y i n g f rom t e n s t o h u n d r e d s of k i l o m e t e r s 
CRoden, 1 9 7 4 ) , and I t h a s been e s t i m a t e d t h a t f r o n t a l 
s y s t e m s o c c u p y n e a r l y one q u a r t e r of t h e o c e a n s ' s u r f a c e 
a r e a ( J o h a n n e s s e n , 1 9 7 1 ) . 
1.2. L o c a t i o n s 
F r o n t s a r e f r e q u e n t l y found a t t h e boundary between 
c o l d and warm w a t e r masses, a t t h e boundary between 
c o a s t a l and o c e a n i c w a t e r masses. a r o u n d banks, r e e f s , 
s h o a l s , i s l a n d s h e l v e s , and a l o n g s h e l f e dges. o f f 
e s t u a r i e s , and a l o n g t h e m a r g i n s o f a r e a s of u p w e l l i n g . 
Some major f r o n t a l z o n e s a r e l o c a t e d o v e r deep w a t e r 
w i t h no c o r r e l a t i o n w i t h bottom topography, w h i l e o t h e r s 
c o r r e l a t e v e r y w e l l w i t h t h e edge of t h e C o n t i n e n t a l S h e l f 
(Simpson et a i . . 1978; J o h a n n e s s e n e t a i . . 1 9 7 8 ) . Thus, 
w h e r e a s t h e p o s i t i o n of some f r o n t s c a n be p r e d i c t e d f r o m 
t h e p o s i t i o n o f t h e s l o p e (James. 1 9 7 7 ) , t h o s e i n t h e open 
o c e a n a r e more d i f f i c u l t t o p r e d i c t . Models of t i d a l 
m i x i n g p r o c e s s e s have a l s o been d e v e l o p e d t o p r e d i c t t h e 
mean p o s i t i o n of s h e l f s e a f r o n t s ( Simpson & Hunter. 1974; 
Simpson e t . a J . , 1978; P i n g r e e & G r i f f i t h s . 1 9 7 8 ) . 
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U n l i k e a t m o s p h e r i c f r o n t s , m a j o r o c e a n f r o n t s do n o t 
move r a p i d l y but t e n d t o r e m a i n w i t h i n a f a i r l y w e l l -
d e f i n e d zone. V a r i a b i l i t y about t h i s mean p o s i t i o n , 
however, may be ex t r e m e and o c c u r s i n t h e forms o f 
meanders and t h r o u g h t h e f o r m a t i o n of warm and c o l d e d d i e s 
( B a r r e t t , 1971; Cheney, 1976; Cheney & R i c h a r d s o n , 1976; 
F u g l i s t e r , 1972; G o t t h a r d t . 1974; P o t o c s k y . 1 9 7 3 ) . 
1.3. I m p o r t a n c e 
The c h a r a c t e r i z a t i o n o f f r o n t a l z o n e s i s i m p o r t a n t t o 
an u n d e r s t a n d i n g of u n d e r w a t e r sound p r o p a g a t i o n p a t t e r n s , 
s i n c e t h e s e a r e a s a r e marked by d r a m a t i c c h a n g e s i n l a y e r 
depth, v e r t i c a l t e m p e r a t u r e g r a d i e n t s and sound c h a n n e l s . 
T h e s e a r e a l l c r i t e r i a w h i c h a r e i m p o r t a n t t o ASW 
o p e r a t i o n s . 
A w e l l - d e f i n e d c l a s s of f r o n t s o c c u r r i n g i n t h e s h e l f 
s e a s a r o u n d t h e B r i t i s h I s l e s d u r i n g t h e summer months 
marks t h e boundary between s t r a t i f i e d and v e r t i c a l l y - m i x e d 
r e g i m e s C P i n g r e e & G r i f f i t h s , 1 9 7 8 ) . T h e s e s e a s o n a l 
f r o n t s f orm a s e r i e s of a l m o s t f i x e d g e o g r a p h i c a l 
b o u n d a r i e s i n t h e summer r e g i m e of t h e t i d a l l y e n e r g e t i c 
s e a s of t h e E u r o p e a n s h e l f . 
E v i d e n c e f o r t h e r e g u l a r s e a s o n a l o c c u r r e n c e o f one 
s u c h f r o n t , t h e I s l a y F r o n t , comes b o t h from t h e 
h i s t o r i c a l t e m p e r a t u r e and s a l i n i t y r e c o r d s and from 
s a t e l l i t e IR Imagery (Simpson e t a i . , 1 9 7 9 ) . The 
s t r u c t u r e of t h e I s l a y F r o n t i s a k i n t o t h a t of o t h e r 
s h e l f s e a f r o n t s i n t h a t i t r e p r e s e n t s a t r a n s i t i o n f r o m a 
v e r t i c a l l y mixed regime, where t i d a l and wind m i x i n g 
p r e d o m i n a t e o v e r t h e buoyancy i n p u t by s u r f a c e h e a t i n g , t o 
a s t r a t i f i e d r e g ime where m i x i n g i s l e s s i m p o r t a n t . I t 
d i f f e r s f r om o t h e r s h e l f s e a f r o n t s a r o u n d t h e B r i t i s h 
I s l e s i n t h a t t h e r e i s a l a r g e i n p u t o f f r e s h w a t e r i n t o 
t h e mixed c o a s t a l w a t e r r e s u l t i n g i n t h e f o r m a t i o n o f a 
t h e r m o - h a l i n e f r o n t , where t h e d e n s i t y g r a d i e n t s 
a s s o c i a t e d w i t h t e m p e r a t u r e change a r e g r e a t l y e n h a n c e d by 
t h e s a l i n i t y i n f l u e n c e . Buoyancy i n p u t by s a l i n i t y a l o n e , 
w h i c h c a n p r oduce h a l i n e f r o n t s i n c o a s t a l w a t e r s , d o e s 
not a p p a r e n t l y do s o i n t h i s c a s e , s i n c e t h e r e i s no 
e v i d e n c e f o r s t r a t i f i c a t i o n o c c u r r i n g i n w i n t e r <Simpson, 
Hughes & M o r r i s , 1 9 7 7 ) . 
Thus t h e t r a n s i t i o n f r o m warm s a l t y w a t e r t o l o w e r 
s a l i n i t y c o l d w a t e r , w h i c h i s g e n e r a l l y c o n s i d e r e d t o mark 
t h e boundary between A t l a n t i c and I r i s h S e a w a t e r m a s s e s 
C E l l e t t , 1 9 7 8 ) , a l s o marks t h e boundary between w e l l - m i x e d 
and s t r a t i f i e d w a t e r s where t h e major vertical d e n s i t y 
g r a d i e n t s i n t h e s t r a t i f i e d w a t e r s a r e d e t e r m i n e d by 
t e m p e r a t u r e r a t h e r t h a n s a l i n i t y d i f f e r e n c e s , and t h e 
h o r i z o n t a l d e n s i t y g r a d i e n t a c r o s s t h e f r o n t i s d o m i n a t e d 
by s a l i n i t y ( P i n g r e e , H o l l i g a n & M a r d e l l , 1 9 7 8 ) . 
Where s a l i n i t y i s t h e d o m i n a t i n g p a r a m e t e r f o r t h e 
d e n s i t y f i e l d i n a f r o n t a l r e g i o n , t h e a c o u s t i c f r o n t w i l l 
be v e r y weak o r n o n - e x i s t e n t , due t o t h e dominant e f f e c t 
of t e m p e r a t u r e on t h e s p e e d of sound. However, r a y - t r a c e 
p l o t s p r o d u c e d by t h e A d m i r a l t y U n d e r w a t e r Weapons 
E s t a b l i s h m e n t CAUWE) m i n i s e r p e n t program u s i n g h i s t o r i c a l 
d a t a f o r t h e I s l a y f r o n t ( F i g u r e s . 1-4) i l l u s t r a t e t h a t 
t h e d e n s i t y g r a d i e n t a c r o s s t h e f r o n t c a n have a marked 
e f f e c t on sound p r o p a g a t i o n p a t t e r n s , w h i c h i s o f 
c o n s e q u e n c e t o ASV o p e r a t i o n s . 
With a s o u r c e <250Hz) a t 4ia i n t h e mixed regime <Fig. 
1) t h e e f f e c t of t h e f r o n t on sound p r o p a g a t i o n c a n be 
c l e a r l y s e e n . A l t h o u g h t h e s o u r c e c a n be d e t e c t e d i n t h e 
t o p metre of t h e s t r a t i f i e d r e g ime <in t h e w e s t ) a t a 
c o n s i d e r a b l e d i s t a n c e , t h e d e f l e c t i o n o f t h e sound waves 
by t h e d e n s i t y g r a d i e n t r e s u l t s i n an a r e a o f t h e 
s t r a t i f i e d w a t e r not b e i n g i n s o n i f l e d , hence t h e s o u r c e 
c a n n o t be d e t e c t e d . S i m i l a r l y , i f t h e s o u r c e i s p l a c e d a t 
33m i n t h e mixed w a t e r ( F i g . 2) t h e t h e r m o c l i n e f o r m s a 
boundary t h r o u g h w h i c h t h e waves r e f l e c t e d from t h e s e a 
bed do not p e n e t r a t e . With t h e s o u r c e a t 33m, however, i t 
a l s o c a n n o t now be d e t e c t e d i n t h e s u r f a c e l a y e r o f t h e 
s t r a t i f i e d w a t e r . . 
U s i n g t h e same p r o f i l e d a t a , w i t h t h e s o u r c e a t 4m on 
t h e west of t h e f r o n t C Fig. 3 ) , no sound c h a n n e l d e v e l o p s , 
and t h e s o u r c e c a n be d e t e c t e d a t any d e p t h i n t h e mixed 
o r s t r a t i f i e d w a t e r s . I f t h e s o u r c e i s moved t o 33m, 
CFig. 4) t h e r a y - t r a c e p a t t e r n i s a g a i n d i f f e r e n t , and t h e 
s o u r c e c a n s t i l l be d e t e c t e d a t any d e p t h on t h e mixed 
s i d e o f t h e f r o n t . However, a s u r f a c e l a y e r d e v e l o p s t o 
t h e west o f t h e f r o n t , i n t h e s t r a t i f i e d w ater, where t h e 
sound waves do not p e n e t r a t e , and c o n s e q u e n t l y t h e s o u r c e 
c a n n o t be d e t e c t e d by any l i s t e n i n g d e v i c e i n t h e upper 
s t r a t i f i e d w a t e r . 
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Figure 1. 
Sound propagation p a t t e r n , I s l a y f r o n t (East-Vest) 







Sound propagation p a t t e r n , I s l a y f r o n t (East-Vest). 
Source a t 33iii I n mixed regime. 
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RAN6E (NAUTICAL MLES) 
Figure 3. 
Sound propagation p a t t e r n , I s l a y f r o n t (Vest-East) 
Source at 4ID I n s t r a t i f i e d regime. 
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Figure 4. 
Sound propagation p a t t e r n , I s l a y f r o n t (Vest-East) 
Source at 33m I n s t r a t i f i e d regime. 
The i m p o r t a n c e of t h e s e a c o u s t i c shadow a r e a s t o ASV 
o p e r a t i o n s i s t h e r e f o r e o b v i o u s , and i t i s c r i t i c a l t h a t 
t h e p o s i t i o n s of s u c h f r o n t s a r e known a s a c c u r a t e l y a s 
p o s s i b l e . 
1.4. D e t e c t i o n 
The most common a p p r o a c h t o t h e mapping of o c e a n f r o n t s 
and e d d i e s i s by t h e u s e o f s a t e l l i t e d a t a from i n f r a r e d 
s c a n n e r s . S u c h d a t a c a n be u t i l i z e d t o d e r i v e i n f o r m a t i o n 
c o n c e r n i n g s e a s u r f a c e t e m p e r a t u r e p a t t e r n s CDeRyche at 
Rao, 1973; L e g e c k i s , 1 9 7 8 ) . T h i s method, however, h a s 3 
main d i s a d v a n t a g e s : 
1) i n f r a r e d s e n s o r s r e s p o n d t o c l o u d r a d i a t i o n , s e a m i s t 
and fog, a s w e l l a s t o t h a t from t h e o c e a n ' s s u r f a c e ; t h u s 
i f a n a r e a i s c o m p l e t e l y c l o u d c o v e r e d , t h e r m a l f e a t u r e s 
c a n n o t be i d e n t i f i e d . I t h a s been e s t i m a t e d (Shenk & 
Salomonson, 1972) t h a t a p p r o x i m a t e l y 4 0 - 5 0 % of t h e E a r t h 
i s o b s c u r e d by c l o u d s on any g i v e n day. However, t h e u s e 
of microwave t e m p e r a t u r e s e n s o r s w h i c h c a n p e n e t r a t e 
c l o u d , but w i t h a l o w e r t e m p o r a l and s p a t i a l r e s o l u t i o n , 
c o u l d p o s s i b l y overcome t h i s problem; 
2) s a t e l l i t e s measure o n l y t h e s e a s u r f a c e s k i n 
t e m p e r a t u r e p a t t e r n i . e . t h e t o p few m i l l i m e t r e s , and 
t h e r e f o r e g i v e no i n f o r m a t i o n on t h e s u b s u r f a c e 
t e m p e r a t u r e s t r u c t u r e . I n t h e c a s e of c o l d e d d i e s , w h i c h 
c a n l o s e t h e i r s u r f a c e t e m p e r a t u r e c h a r a c t e r i s t i c s i n t h e 
f i r s t few months o f t h e i r e s t i m a t e d two y e a r l i f e t i m e s 
(Cheney & R i c h a r d s o n , 1 9 7 6 ) , s a t e l l i t e i m a g e r y would show 
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no anomalous t h e r m a l p a t t e r n a l t h o u g h s t r o n g h o r i z o n t a l 
g r a d i e n t s e x i s t below t h e s u r f a c e ; 
3 ) i t d o e s not p r o v i d e a r e a l - t i m e d e t e c t i o n method, s i n c e 
a l t h o u g h low r e s o l u t i o n APT ( a u t o m a t i c p i c t u r e 
t r a n s m i s s i o n ) i s now f e a s i b l e onboard w i t h t h e a i d o f 
s m a l l c o m p u t e r s , t h i s i s c a n s t i l l o n l y be o b t a i n e d on 
c l o u d - f r e e d a y s . 
I n v i e w of t h e s e problems, t h e r e f o r e , i t would seem t o 
be a d v a n t a g e o u s i f a n o t h e r i n d e p e n d e n t , but complementary, 
method o f d e t e c t i n g / p r e d i c t i n g t h e p o s i t i o n of f r o n t a l 
s y s t e m s c o u l d be d e v e l o p e d f o r ASV a p p l i c a t i o n s u s i n g In 
situ methods ( r a t h e r t h a n remote s e n s i n g ) . A l i t e r a t u r e 
s u r v e y was t h e r e f o r e u n d e r t a k e n t o i n v e s t i g a t e t h e 
p o s s i b i l i t y of .using o t h e r p h y s i o - c h e m i c a l o r b i o l o g i c a l 
p a r a m e t e r s i n t h e d e t e c t i o n of f r o n t s . T h i s c l e a r l y 
showed t h a t , a l t h o u g h t h e d e t a i l e d s t r u c t u r e w i t h i n t h e s e 
f r o n t s i s complex, t h e b a s i c p a t t e r n a p p e a r s t o be 
s u p e r i m p o s e d on t h e d i s t r i b u t i o n of c h e m i c a l n u t r i e n t s , 
w i t h i m p o r t a n t i m p l i c a t i o n s f o r t h e d i s t r i b u t i o n of 
b i omass. At t h e t i m e t h i s s t u d y was u n d e r t a k e n e v i d e n c e 
had, t h e r e f o r e , a c c u m u l a t e d w h i c h s u g g e s t e d t h a t f r o n t a l 
z o n e s may be b i o l o g i c a l l y q u i t e d i s t i n c t f r om t h e a d j a c e n t 
w a t e r masses. 
1.5. F r o n t s and P r o d u c t i v i t y 
F r o n t a l z o n e s have been shown t o c o r r e s p o n d w i t h s h a r p 
n u t r i e n t b o u n d a r i e s ( S i m p s o n & Hunter, 1974; S a v i d g e , 
11 -
1 9 7 6 ) . S e l t e <1955) p r e s e n t e d e v i d e n c e o f h i g h f i s h 
p r o d u c t i o n i n t h e No r t h P a c i f i c (34'N) i n t h e r e g i o n he 
r e f e r r e d t o a s t h e s h e a r zone between t h e North E q u a t o r i a l 
C u r r e n t and t h e North P a c i f i c D r i f t , and a l s o i n t h e 
r e g i o n of l a r g e - s c a l e semi-permanent e d d i e s downstream 
from t h e H a w a i i n I s l a n d s . I n t h e N o r t h A t l a n t i c , h i g h 
p r o d u c t i v i t y h a s a l s o been r e p o r t e d a t t h e f r o n t between 
t h e N o r t h A t l a n t i c C u r r e n t and t h e I r m i n g e r S e a CSteeman 
N i e l s e n , 1956) and o v e r t h e I c e l a n d - F a e r o e Ridge where 
Hansen C1959) r e p o r t e d r a t e s o f p r o d u c t i o n o f 0.65-2.70 g 
carban/m==/day i n c o n t r a s t w i t h t h e s u r r o u n d i n g w a t e r s , 
where ( i n summer) t h e r a t e of p r o d u c t i o n g e n e r a l l y r a n g e d 
between 0.15 and 0.25 g carbon/m^/day. 
I t i s p e r h a p s s u r p r i s i n g , t h e r e f o r e , i n v i e w o f s u c h 
p r o d u c t i v i t y d a t a and t h e a c c u m u l a t i o n of m a t e r i a l s a t t h e 
s e a s u r f a c e w h i c h h a s o f t e n been r e p o r t e d a l o n g f r o n t s 
( e . g . Uda, 1938; P i n g r e e e t a i . , 1 9 7 4 ) . t h a t most of t h e 
e a r l i e r s t u d i e s ( C r o m w e l l & R e i d . 1956; Knauss, 1957; 
V o o r h i s & Hersey, 1964; K a t z , 1969; Bang, 1973) were 
c o n c e r n e d w i t h t h e p h y s i c a l d e s c r i p t i o n and d y n a m i c s o f 
f r o n t s , w h i l s t t h e i r b i o l o g i c a l and c h e m i c a l f e a t u r e s 
r e c e i v e d much l e s s a t t e n t i o n . T h i s s i t u a t i o n began t o 
change i n t h e mid-1970s w i t h t h e s h e l f s e a f r o n t s a r o u n d 
t h e B r i t i s h I s l e s b e g i n n i n g t o a t t r a c t i n v e s t i g a t i o n by 
s e v e r a l g r o u p s o f w o r k e r s ( e . g . P i n g r e e et a J . , 1975; 
Simpson, A l l e n & M o r r i s , 1 9 7 8 ) . 
S a v i d g e (1976) r e p o r t e d a band of h i g h c h l o r o p h y l l ^ 
c o n c e n t r a t i o n a p p r o x i m a t e l y 1 m i l e wide a s s o c i a t e d w i t h a 
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s u r f a c e t e m p e r a t u r e g r a d i e n t a c r o s s t h e C e l t i c S e a f r o n t 
(where t h e s h a r p e s t SST g r a d i e n t c o v e r e d a b o u t 2 m i l e s ) . 
A s i m i l a r s e a s o n a l c h l o r o p h y l l maximum was a l s o r e p o r t e d 
by I v e r s e n e t al (1979) a l o n g t h e B e r i n g S e a s h e l f b r e a k 
f r o n t . D a t a p r e s e n t e d by Simpson and Hunter (1974) and 
S a v i d g e (1976) have d e m o n s t r a t e d t h e e x i s t e n c e o f s h a r p 
n u t r i e n t b o u n d a r i e s c o r r e l a t e d w i t h s h a r p t e m p e r a t u r e 
g r a d i e n t s i n t h e r e g i o n o f t h e summer t h e r m a l f r o n t s i n 
t h e C e l t i c and I r i s h S e a s , w h i c h were more pronounced i n 
t h e s u r f a c e w a t e r t h a n i n t h e bottom w a t e r , a s would be 
e x p e c t e d . 
A g g r e g a t i o n s o f sound s c a t t e r i n g a n i m a l s o f t e n 
a c c u m u l a t e a t t h e b o u n d a r i e s between w a t e r s of d i f f e r e n t 
p r o p e r t i e s ( H e r s e y & B a c k u s , 1963) and s u c h a g g r e g a t i o n s 
have been u s e d t o map t h e b o u n d a r i e s w h i c h t h e y mark. F o r 
i n s t a n c e , F r a s s e t t o , B a c k u s 8s Hays (1963) were a b l e t o 
r e l a t e t h e d i s t r i b u t i o n of sound s c a t t e r e r s t o t h e 
d i s t r i b u t i o n of A t l a n t i c and M e d i t e r r a n e a n w a t e r m a s s e s i n 
t h e S t r a i t of G i b r a l t a r . 
G r e e n l a w (1979) showed t h a t a c o u s t i c a l e s t i m a t e s o f 
z o o p l a n k t o n abundance c a n be made i f t h e s c a t t e r i n g 
b e h a v i o u r a s a f u n c t i o n of t h e s i z e and f r e q u e n c y f o r t h e 
z o o p l a n k t e r s i s known. The f u n d a m e n t a l a s s u m p t i o n o f 
volume s c a t t e r i n g i s t h a t t h e t o t a l s c a t t e r e d i n t e n s i t y 
f r om a volume c o n t a i n i n g a random d i s t r i b u t i o n of 
s c a t t e r e r s i s , on a v e r a g e , e q u a l t o t h e sum of t h e 
s c a t t e r e d i n t e n s i t i e s f rom e a c h i n d i v i d u a l (McNaught, 1968 
and 1 9 6 9 ) . One p r o b l e m w i t h t h i s method i s t h a t t h e 
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volume s c a t t e r i n g f rom a r e g i o n c o n t a i n i n g one 22mm f i s h 
i s e q u a l t o t h a t f rom t h e same s i z e r e g i o n c o n t a i n i n g 
about 260 e u p h a u s i i d s , making t h e d e t e c t i o n and e s t i m a t i o n 
of e u p h a u s i i d s i n t h e p r e s e n c e of f i s h d i f f i c u l t , a l t h o u g h 
t h i s p r o b l e m c o u l d p o s s i b l y be overcome by t h e u s e o f 
m u l t i f r e q u e n c y d a t a . A n o t h e r drawback t o a c o u s t i c a l 
e s t i m a t i o n i s t h a t , s i n c e t h e c o n v e r s i o n o f a c o u s t i c a l 
measurements t o b i o m a s s r e l i e s on r e g r e s s i o n r e l a t i o n s h i p s 
between a c o u s t i c a l d a t a and b i o m a s s from s i m u l t a n e o u s n e t 
s a m p l e s , t h e a c o u s t i c a l e s t i m a t e s c o n t a i n a l l of t h e 
e r r o r s and b i a s e s of t h e n e t d a t a < K e l l e y , 1 9 7 6 ) . 
D e s p i t e t h e s e d i s a d v a n t a g e s , i f s u c h a c o u s t i c a l 
e s t i m a t i o n s were t o p r o v e f e a s i b l e , t h e s p e e d of 
a c o u s t i c a l s a m p l i n g and t h e p o t e n t i a l f o r o b t a i n i n g h i g h -
r e s o l u t i o n s y n o p t i c d a t a o v e r l a r g e a r e a s s u g g e s t s t h a t 
t h i s method might be o f u s e i n t h e d e t e c t i o n o f f r o n t a l 
s y s t e m s . I t would n e c e s s i t a t e a d e t a i l e d knowledge of t h e 
z o o p l a n k t e r s l i k e l y t o a c c u m u l a t e a t a p a r t i c u l a r f r o n t , 
t h e i r p a t t e r n of d i u r n a l m i g r a t i o n , and t h e development o f 
t h e r e l e v a n t s c a t t e r i n g models. However, s i n c e a c o u s t i c 
t r a n s m i s s i o n i s a l s o v e r y complex i n f r o n t a l a r e a s , t h i s 
a p p r o a c h t o d e t e c t i n g f r o n t a l s y s t e m s would prove 
d i f f i c u l t , 
1.6. F l u o r e s c e n c e , and f a c t o r s a f f e c t i n g f l u o r e s c e n c e . 
The measurement of in vivo c h l o r o p h y l l f l u o r e s c e n c e a s 
a method of e s t i m a t i n g a l g a l b i o m a s s ( L o r e n z e n , 1966) i s 
of p a r t i c u l a r i n t e r e s t t o e c o l o g i s t s . However, t h e wide 
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v a r i a t i o n s i n in vivo f l u o r e s c e n c e : c h l o r o p h y l l a, r a t i o s 
o b s e r v e d b o t h i n c u l t u r e and i n n a t u r a l p h y t o p l a n k t o n 
p o p u l a t i o n s ( L o f t u s , Subba Rao & S e l i g e r , 1972; B l a s c o , 
1973; K i e f e r , 1973a,b) p r e v e n t t h i s method b e i n g u s e d i n 
t h e d e t e r m i n a t i o n of a b s o l u t e c o n c e n t r a t i o n s of 
c h l o r o p h y l l a, w h i c h i t s e l f i s o n l y one a s p e c t o f t h e 
b i omass. 
In vivo f l u o r e s c e n c e i s e s s e n t i a l l y e x c i t a t i o n l e f t 
o v e r a f t e r t h e demands of p h o t o s y n t h e s i s have been 
s a t i a t e d , and i s a l m o s t e n t i r e l y due t o e x c i t a t i o n p a s s e d 
on f rom t h e l i g h t - h a r v e s t i n g p i g m e n t s t o p a r t i c u l a r 
c h l o r o p h y l l a. m o l e c u l e s l o c a t e d i n P h o t o s y s t e m I I 
( G o v i n d j e e & G o v i n d j e e , 1 9 7 5 ) . Thus, t h e f l u o r e s c e n c e 
quantum e f f i c i e n c y i s v a r i a b l e , g o v e r n e d by t h e in vivo 
s y s t e m r e s p o n d i n g t o e n v i r o n m e n t a l a t t r i b u t e s . I t 
f o l l o w s , t h e r e f o r e , t h a t a n y e n v i r o n m e n t a l f a c t o r s 
a f f e c t i n g p h o t o s y n t h e t i c p r o c e s s e s ( e . g . l i g h t , 
t e m p e r a t u r e , n u t r i e n t s t r e s s e s ) a l s o have t h e p o t e n t i a l t o 
a f f e c t t h e f l u o r e s c e n c e : c h l o r o p h y l l a r a t i o . 
S i n c e c h l o r o p h y l l f l u o r e s c e n c e c o m p e t e s w i t h 
p h o t o s y n t h e s i s f o r e n e r g y , i t would t h e r e f o r e be e x p e c t e d 
t h a t c h l o r o p h y l l f l u o r e s c e n c e would show an i n v e r s e 
r e l a t i o n s h i p w i t h t h e e f f i c i e n c y of p h o t o c h e m i c a l 
p r o c e s s e s . T h i s phenomenon h a s been r e p o r t e d by s e v e r a l 
w o r k e r s ( B l a s c o . 1973; H a r r i s . 1960; K a r a b a s h e v & 
S o l o v ' y e v , 1976; K i e f e r , 1973b) i n b o t h l a b o r a t o r y and 
n a t u r a l p h y t o p l a n k t o n p o p u l a t i o n s . 
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S h o r t - t e r m v a r i a t i o n s i n t h e p h o t o s y n t h e s i s of m a r i n e 
p h y t o p l a n k t o n under c o n d i t i o n s o f a l t e r n a t i n g l i g h t and 
d a r k n e s s have i n f a c t been known f o r o v e r 20 y e a r s (Doty & 
O g u r i , 1957; H a r r i s , 1 9 7 3 ) . Some a u t h o r s have s u g g e s t e d 
t h a t t h e a m p l i t u d e and t i m i n g of t h e s e d a i l y o s c i l l a t i o n s 
c o u l d be r e l a t e d t o d i f f e r e n c e s i n s p e c i e s c o m p o s i t i o n , 
c e l l s i z e d i s t r i b u t i o n , p h o t o p e r i o d , i n c i d e n t r a d i a t i o n 
and n u t r i e n t s u p p l y ( H a r d i n g et a J . , 1981;. S w i f t & 
Durban, 1972; P r e z e l i n & Sweeney, 1977; G o e r i n g , Dugdale 
& Menzel, 1964; E p p l e y , S a p i e n z a & Renger, 1 9 7 8 ) . O t h e r 
f i e l d s t u d i e s have f u r t h e r d e m o n s t r a t e d t h e o c c u r r e n c e o f 
s i g n i f i c a n t d l e l f l u c t u a t i o n s i n p h o t o s y n t h e t i c c a p a c i t y 
( M c C a u l l & P i a t t , 1977; P r e z e l i n & Ley, 1980) and s u g g e s t 
t h a t t h e r e l a t i o n s h i p between p h o t o s y n t h e s i s and l i g h t i n 
n a t u r a l p h y t o p l a n k t o n c o m m u n i t i e s i s t i m e - d e p e n d e n t , 
c h a n g i n g o v e r t h e c o u r s e o f t h e day. 
R e s e a r c h w i t h d i n o f l a g e l l a t e s ( P r e z e l i n . Keeson & 
Sweeney, 1977; P r e z e l i n & Sweeney, 1977; G o v i n d j e e . Wong 
& G o v i n d j e e . 1979; H a r d i n g , Meeson, P r e z e l i n & Sweeney, 
1961) h a s shown t h a t b o t h l i g h t - l i m i t e d and l i g h t 
s a t u r a t e d p h o t o s y . n t h e s i s a r e t i m e dependent; t h e s e d i e l 
c h a n g e s a r e u n r e l a t e d t o c h a n g e s i n c e l l pigment c o n t e n t 
o r r e s p i r a t i o n ; t h e p e r i o d i c i t y of p h o t o s y n t h e s i s 
p e r s i s t s under c o n s t a n t c o n d i t i o n s and i s t h e r e f o r e not 
s i m p l y dependent on t h e l i g h t - d a r k c y c l e , b u t d r i v e n by a 
b i o l o g i c a l c l o c k ; i n t e r - s p e c i e s s p e c i f i c d i f f e r e n c e s may 
e x i s t i n t h e a m p l i t u d e and t i m i n g of d i e l p h o t o s y n t h e t I c 
o s c i l l a t i o n s . 
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F u r t h e r s t u d i e s w i t h n a t u r a l p h y t o p l a n k t o n a s s e m b l a g e s 
dominated by pen n a t e d i a t o m s ( P r e z e l i n & Ley, 1980) 
s u g g e s t t h a t s i m i l a r r e l a t i o n s h i p s may o c c u r i n c o a s t a l 
w a t e r s . However, t h e e x t e n t t o w h i c h d i e l p e r i o d i c i t y of 
p h o t o s y n t h e s i s i s a common c h a r a c t e r i s t i c of ma r i n e 
p h y t o p l a n k t o n , w i t h c o n s i s t e n t and p r e d i c t a b l e f e a t u r e s , 
r a t h e r t h a n a phenomenon u n i q u e t o t h e d i n o f l a g e l l a t e s , 
h a s been i n a d e q u a t e l y e x p l o r e d . 
K a r a b a s h e v and S o l o v ' y e v ( 1 9 7 5 ) , w o r k i n g a t 2 s t a t i o n s 
i n t h e e q u a t o r i a l P a c i f i c , have r e p o r t e d a d i u r n a l p a t t e r n 
i n t h e f l u o r e s c e n c e of p h y t o p l a n k t o n c h l o r o p h y l l o p e r a t i v e 
over, t h e e n t i r e p h o t i c zone i n b o t h homogeneous and 
s t r a t i f i e d w a t e r s . T h e s e f l u c t u a t i o n s were not c o - p h a s a l , 
s o t h a t t h e i n t e n s i t y of f l u o r e s c e n c e i n i n t e r m e d i a t e 
d e p t h s r e a c h e d a peak 2-3 h o u r s b e f o r e t h e m i d n i g h t 
maximum o b s e r v e d I n t h e s u b - s u r f a c e and deep l a y e r s . The 
f l u o r e s c e n c e r a t i o c hanged 7 o r 8 t i m e s o v e r t h e 24 hour 
p e r i o d , r e a c h i n g a low p o i n t a t noon and a peak a t 
mi d n i g h t , i n d i c a t i n g t h a t t h e f l u c t u a t i o n s a r e dependent 
on s o l a r r a d i a t i o n . T h i s f i n d i n g was c o n s i s t e n t w i t h t h e 
d a t a of o t h e r i n v e s t i g a t o r s ( B l a s c o , 1973; K i e f e r , 1973b) 
and w i t h t h e f a c t t h a t t h e d i u r n a l p a t t e r n of s o l a r 
r a d i a t i o n d u r i n g t h e p e r i o d of measurement r e m a i n e d t h e 
same, w h i l e t h e r e l a t i v e a m p l i t u d e o f d i u r n a l f l u c t u a t i o n s 
i n c h l o r o p h y l l f l u o r e s c e n c e d e c r e a s e d w i t h d e p t h more 
q u i c k l y a t 97*W t h a n a t 155*V - i n k e e p i n g w i t h t h e 
i n c r e a s e i n w a t e r t r a n s p a r e n c y a l o n g t h e e q u a t o r from e a s t 
t o west. 
17 
A n o t h e r f a c t o r which, by a f f e c t i n g p h o t o s y n t h e t i c 
p r o c e s s e s , c o u l d a f f e c t t h e f l u o r e s c e n c e : c h l o r o p h y l l a 
r a t i o , i s n u t r i e n t s t r e s s . B l a s c o (1973) showed t h a t 
t h e r e was a r e l a t i o n s h i p between n i t r a t e d e f i c i e n c y and 
t h i s r a t i o i n l i m i t e d volume c u l t u r e s of Skeletonema 
costatum. The r a t i o i n c r e a s e d i m m e d i a t e l y a f t e r t h e c e l l s 
had e x h a u s t e d t h e n i t r a t e i n t h e medium, i e t h e 
f l u o r e s c e n c e i n c r e a s e d when t h e c u l t u r e s t o p p e d a c t i v e 
growth, w h i c h was i n p e r f e c t agreement w i t h t h e h y p o t h e s i s 
t h a t t h e f l u o r e s c e n c e of c h l o r o p h y l l s. competes w i t h 
p h o t o s y n t h e s i s . F o r c u l t u r e s w i t h a l e s s a c t i v e growth, 
t h e p h o t o s y n t h e t i c a c t i v i t y w i l l be low, and f l u o r e s c e n c e 
p e r u n i t c h l o r o p h y l l w i l l be h i g h e r . 
The r e l a t i o n s h i p between n i t r a t e d e f i c i e n c y and 
p h o t o s y n t h e s i s i s , however, c o m p l i c a t e d . The a s s i m i l a t i o n 
of n i t r a t e - n i t r o g e n by a u t o t r o p h i c o r g a n i s m s r e q u i r e s an 
a c t i v e complement of n i t r o g e n - a s s i m i l a t i n g enzymes, e n e r g y 
i n t h e f o r m of ATP and r e d u c i n g e q u i v a l e n t s (UADCP3H and 
f e r r o d o x i n ) and a s o u r c e o f c a r b o n s k e l e t o n s . I n a l g a e , 
t h e a s s i m i l a t i o n of n i t r a t e and t h e s y n t h e s i s of enzymes 
s u c h a s n i t r a t e r e d u c t a s e a r e l i n k e d f u n d a m e n t a l l y w i t h 
p h o t o s y n t h e s i s ( T h a c k e r & S y r e t t , 1972a, b; Thomas e t 
a i . . 1 9 7 6 ) . 
From s t u d i e s w i t h f r e s h w a t e r a l g a e s u c h a s 
Ankistrodesmus braunli and Chlorella fusca i t has been 
shown t h a t a p e r i o d of n i t r o g e n d e f i c i e n c y r e s u l t s i n an 
e n hanced c a p a c i t y f o r n i t r o g e n a s s i m i l a t i o n ( S y r e t t , 1953; 
H l p k i n , 1 9 7 6 ) , and a s e v e r e c o m p e t i t i o n between 
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p h o t o s y n t h e t i c C a r b o n f i x a t i o n and n i t r o g e n a s s i m i l a t i o n 
f o r p h o t o g e n e r a t e d e l e c t r o n s (Thomas e t a J . , 1976). A l s o 
e x e r t i n g a n i n f l u e n c e i n ammonium-grown c u l t u r e s , i s t h e 
a p p e a r a n c e o f n i t r a t e r e d u c t a s e a c t i v i t y and t h e 
enhancement of o t h e r e n z y m i c a c t i v i t i e s a s s o c i a t e d w i t h 
n i t r o g e n a s s i m i l a t i o n ( S y r e t t & H i p k i n . 1973; H i p k i n & 
S y r e t t . 1 9 7 7 a , b ) . 
S t u d i e s have a l s o shown t h a t n i t r o g e n s t a r v a t i o n 
e n h a n c e s t h e u p t a k e o f i n o r g a n i c and o r g a n i c n i t r o g e n i n 
c u l t u r e s of t h e ma r i n e d i a t o m Phaeodactylum tricornutum 
( P e e s & S y r e t t , 1979; C r e s s w e l l & S y r e t t , 1981; Shah & 
S y r e t t , 1 9 8 2 ) . T h i s e n h a n c e d a b i l i t y i s e n e r g y dependent, 
r e q u i r i n g 10 e l e c t r o n s t o r e d u c e t h e n i t r o g e n atom o f 
n i t r a t e t o a n i t r o g e n atom i n an amino a c i d ( L o s a d a , 
1 9 8 0 ) , and p o s s i b l y a d d i t i o n a l e n e r g y t o d r i v e membrane 
t r a n s p o r t . F u r t h e r , i t h a s been shown i n Chlamydomonas 
reinhardii ( T h a c k e r & S y r e t t , 1972a) and Dunaliella 
tertiolecta ( G r a n t , 1967, 1968; G r a n t & T u r n e r , 1969) 
t h a t n i t r a t e a s s i m i l a t i o n i s p h o t o s y n t h e t i c a l l y - d e p e n d e n t 
i n n i t r o g e n - r e p l e t e c e l l s . I n n i t r o g e n - r e p l e t e c u l t u r e s 
of Chlorella fusca, p h o t o g e n e r a t e d e n e r g y may be u s e d t o 
d r i v e n i t r a t e a s s i m i l a t i o n and p h o t o s y n t h e t i c c a r b o n 
f i x a t i o n , w h e r e a s i n n i t r o g e n - d e f i c i e n t c u l t u r e s , n i t r a t e 
a s s i m i l a t i o n o c c u r s a t t h e e x p e n s e of p h o t o s y n t h e i t c 
c a r b o n f i x a t i o n (Thomas e t a l , 1 9 7 6 ) . S i m i l a r 
i n t e r a c t i o n s between n i t r a t e a s s i m i l a t i o n and 
p h o t o s y n t h e s i s have been o b s e r v e d i n some marine d i a t o m s 
( F a l k o w s k i & Stone, 1975; T e r r y , 1 9 8 2 ) . 
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I n e x p e r i m e n t s p e r f o r m e d by H i p k i n , Thomas and S y r e t t 
( 1 9 8 3 ) , t h e a d d i t i o n of n i t r a t e t o n i t r o g e n d e f i c i e n t 
c u l t u r e s o f Nannochloropsis oculata and Chlorella 
stiffmatophora r e s u l t e d i n an i n h i b i t i o n o f p h o t o s y n t h e t i c 
c a r b o n f i x a t i o n . I n t h e s e c u l t u r e s n i t r o g e n d e f i c i e n c y 
r e s u l t e d i n a d e c r e a s e i n c e l l u l a r p r o t e i n , c h l o r o p h y l l 
and p h o t o s y T i t h e s i s , a l t h o u g h t h e e f f i c i e n c y of 
p h o t o s y n t h e s i s p e r u n i t c h l o r o p h y l l i n c r e a s e d . T h i s 
s u g g e s t s t h a t p h o t o s y n t h e t i c c a r b o n f i x a t i o n i n t h e s e 
c u l t u r e s was l i m i t e d by c h l o r o p h y l l , w i t h p h o t o g e n e r a t e d 
e l e c t r o n s b e i n g used, p r e f e r e n t i a l l y , t o d r i v e n i t r o g e n 
a s s i m i l a t i o n when n i t r a t e became a v a i l a b l e . S i n c e t h e 
a d d i t i o n of n i t r a t e t o s u c h c u l t u r e s d o e s not i n h i b i t 
l i g h t - d e p e n d e n t oxygen e v o l u t i o n , i t i s u n l i k e l y t h a t 
n i t r a t e i n h i b i t s p h o t o s y n t h e t i c e l e c t r o n t r a n s p o r t . 
I n f r e s h w a t e r a l g a e , n i t r o g e n d e p r i v a t i o n r e s u l t s i n a 
number of p h y s i o l o g i c a l c h a n g e s : - t h e a c c u m u l a t i o n o f 
c a r b o n r e s e r v e s ; d e c r e a s e s i n t h e r a t e o f p h o t o s y n t h e s i s ; 
d e c r e a s e s i n t h e r a t e of r i b u l o s e b i s - p h o s p h a t e 
c a r b o x y l a s e a c t i v i t y ; i n c r e a s e s i n t h e c a p a c i t y t o 
a s s i m i l a t e n i t r o g e n ; i n c r e a s e s i n t h e a c t i v i t y of 
n i t r o g e n - a s s i m i l a t i n g enzymes; a c o m p e t i t i o n between 
c a r b o n f i x a t i o n and i n o r g a n i c n i t r o g e n a s s i m i l a t i o n f o r 
p h o t o g e n e r a t e d e l e c t r o n s . 
I t h a s been shown ( R e e s , H i p k i n & S y r e t t , 1979; 
C r e s s w e l l & S y r e t t . 1981; Shah & S y r e t t . 1982; H i p k i n . 
Thomas & S y r e t t , 1983) t h a t s i m i l a r c h a n g e s o c c u r i n 
n i t r o g e n - d e f i c i e n t m a r i n e a l g a e , e n a b l i n g them t o 
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a s s i m i l a t e n i t r o g e n r a p i d l y when i t becomes a v a i l a b l e . 
T h i s a b i l i t y may a l l o w these algae to scavenge f o r p u l s e s 
of n i t r o g e n which may become a v a i l a b l e I n t e r m i t t e n t l y as a 
r e s u l t of the metabolic a c t i v i t y of h e t e r o t r o p h i c 
organisms as proposed by McCarthy & Goldman C1979). 
Therefore, i f in vivo f l u o r e s c e n c e i s e s s e n t i a l l y 
e x c i t a t i o n l e f t over a f t e r the demands of p h o t o s y n t h e s i s 
have been s a t i a t e d , and n i t r o g e n d e p r i v a t i o n r e s u l t s i n a 
competition between p h o t o s y n t h e s i s and n i t r o g e n 
a s s i m i l a t i o n f o r photogenerated e l e c t r o n s , a s w e l l as a 
decrease i n c e l l u l a r c h l o r o p h y l l , I t i s p o s s i b l e t h a t the 
p h y s i o l o g i c a l changes induced i n the c e l l by n i t r o g e n 
d e p r i v a t i o n have the c a p a c i t y to a f f e c t the 
f l u o r e s c e n c e : c h l o r o p h y l l a. r a t i o . The f l u o r e s c e n c e : 
c h l o r o p h y l l a r a t i o of n a t u r a l phytoplankton po p u l a t i o n s 
i n n i t r o g e n - d e f i c i e n t waters co u l d t h e r e f o r e p o s s i b l y be 
a f f e c t e d by n i t r o g e n p u l s e s r e s u l t i n g from the d i e l 
m igration of zooplankton. 
T h i s problem of r e l a t i n g c h l o r o p h y l l a. c o n c e n t r a t i o n to 
f l u o r e s c e n c e e m i s s i o n has a t t r a c t e d much a t t e n t i o n . One 
l i n e of r e s e a r c h has been the study of the e f f e c t s of the 
h e r b i c i d e 3-(3.4 d l c h l o r o p h e n y l ) - l . 1-dlmethyl urea 
(DCMU) . At c o n c e n t r a t i o n s a s low as 3 yiH <Bishop. 1956) 
i t can completely i n h i b i t p h o t o s y n t h e s i s by b l o c k i n g 
e l e c t r o n t r a n s p o r t a t the l e v e l of Photosystem I I CDuysens 
& Sweersk, 1963). Evidence suggests t h a t the s i t e of 
a c t i o n could be cytochrome b-559 (Cramer, 1977; Roy & 
Legendre, 1979), and t h a t H bonds may be i n v o l v e d i n 
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binding DCMU to i t s s i t e of a c t i o n ( G e l s s b u h l e r e t . a J . , 
1979). The bl o c k i n g c a u s e s the r e l e a s e of the accumulated 
e x c i t a t i o n energy through a l t e r n a t i v e processes, 
e s p e c i a l l y f l u o r e s c e n c e <Krey & Govlndjee, 1966). 
Slovacek & Hannan C1977) have shown t h a t the i n vi v o 
f l u o r e s c e n c e y i e l d of Phaeodactylum trlcornutum v a r i e s 
with c u l t u r e c o n d i t i o n s <eg. a v a i l a b i l i t y of n u t r i e n t s ) , 
and t h a t Cyclotella nana and Chaetoceros galventonensis 
show a species-dependent v a r i a t i o n . Both types of y i e l d 
f l u c t u a t i o n s are reported to be e l i m i n a t e d when 
pho t o s y n t h e t l c e l e c t r o n t r a n s p o r t i s blocked by adding 
DCMU, with in vivo f l u o r e s c e n c e y i e l d s becoming maximal 
and a constant f u n c t i o n of c e l l u l a r c h l o r o p h y l l a . 
r e g a r d l e s s of growth c o n d i t i o n s or of the s p e c i e s 
examined. 
In the l i g h t of these f i n d i n g s , Slovacek & Hannan 
C1977) have suggested t h a t DCMU-enhanced f l u o r e s c e n c e 
e m i s s i o n s could be used to es t i m a t e the t r u e l e v e l of 
c h l o r o p h y l l a c o n c e n t r a t i o n s . However, DCMU-enhanced 
f l u o r e s c e n c e ( F d ) : c h l o r o p h y l l a. r a t i o s have been found t o 
vary CRoy & Legendre, 1979), showing t h a t the f l u o r e s c e n c e 
y i e l d i s not always constant, even when the p h o t o s y n t h e t l c 
e l e c t r o n t r a n s p o r t pathway i s blocked. Thus Fd cannot 
always be used a s an I n d i c a t o r of ab s o l u t e c h l o r o p h y l l 
c o n c e n t r a t i o n i n a phytoplankton population. 
I t has a l s o been reported t h a t DCMU generated no 
i n c r e a s e i n f l u o r e s c e n c e i f added i n the l i g h t 
(Papageorglou, 1975). However, i n experiments performed 
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by Roy & Legendre C1979), an I n c r e a s e i n f l u o r e s c e n c e was 
observed every time DCMU was added to samples which had 
not been dark-adapted. 
Also important i s the i n f l u e n c e on the DCMU-treated 
f l u o r e s c e n c e of the f i r s t l i g h t "shock" - l a b o r a t o r y 
t e s t s have shown ( i b i d . , 1979) t h a t p a r a l l e l sampling, 
(whereby 2 subsamples are obtained, one t r e a t e d with DCMU, 
and both then read on the fluorometer) , a s opposed to 
s e r i a l sampling (where a sample i s read, DCMU added, and 
the sample read again) o f t e n had a s l i g h t l y higher Fd. 
Another point i s t h a t most l a b o r a t o r y experiments have 
used green algae, and perhaps c o n c l u s i o n s should not yet 
be extended to i n c l u d e a l l phytoplankton s p e c i e s . 
P r e z e l i n & Ley (1980), working on f l u o r e s c e n c e rhythms 
i n marine phytoplankton, i n d i c a t e t h a t where s t r o n g 
p h o t o s y n t h e t i c rhythms a r e present; the a d d i t i o n of DCMU 
to uncouple c h l o r o p h y l l a. f l u o r e s c e n c e from p h o t o s y n t h e s i s 
may, i n f a c t , enhance the f l u o r e s c e n c e rhythm. I f so, the 
Fd per |ig c h l o r o p h y l l a. would become an even more 
u n r e l i a b l e i n d i c a t o r of c h l o r o p h y l l a bidmass than i s 
f l u o r e s c e n c e per ;jig c h l o r o p h y l l a , I n c o n t r a s t to the 
suggestion by Slovacek & Hannan (1977) t h a t there e x i s t s a 
constant in vivo f l u o r e s c e n c e y i e l d i n the presence of 
DCMU. 
As a r e s u l t of work with n a t u r a l phytoplankton 
communities, C u l l e n & Renger (1979) hypothesized t h a t a 
low F l u o r e s c e n c e Response Index (FRI, i . e . the i n c r e a s e 
i n f l u o r e s c e n c e induced by DCMU) measured i n the f i e l d 
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r e p r e s e n t s some s o r t of p h y s i o l o g i c a l s t r e s s on the 
population l e v e l . The m a n i f e s t a t i o n of t h i s s t r e s s would 
be an I n c r e a s e of the r e l a t i v e p r o p o r t i o n s of 
p h o t o s y n t h e t i c a l l y I n a c t i v e f l u o r e s c e n c e components, eg. 
the c o n t r i b u t i o n s made by d i s s o l v e d f l u o r e s c e n c e 
CHerbland, 1976), phaeophytln, or p h o t o s y n t h e t l c a l l y 
I n a c t i v e algae. Such f l u o r e s c e n c e , not d i r e c t l y 
a s s o c i a t e d with photosynthesis, and i n s e n s i t i v e to DCMU, 
would a f f e c t the FRI. 
I t would appear, t h e r e f o r e , t h a t many of the problems 
which beset the use of In vivo f l u o r e s c e n c e measurements 
(eg, l i g h t , n u t r i e n t s t r e s s , e t c . . ) ! may a l s o apply to 
DCMU-enhanced f l u o r e s c e n c e . 
1.7. O b j e c t i v e s of present study 
In the l i g h t of the accumulating evidence to suggest 
t h a t f r o n t a l zones may be b i o l o g i c a l l y q u i t e d i s t i n c t from 
the water masses on e i t h e r s i d e , a s e r i e s of oceanographic 
s u r v e y s was undertaken i n order to e s t a b l i s h whether the 
monitoring of b i o l o g i c a l c h a r a c t e r i s t i c s o f f e r e d a r e a l -
time system f o r the d e t e c t i o n of f r o n t s and t h e i r 
a s s o c i a t e d water masses. 
An i n i t i a l i n v e s t i g a t i o n i n t o d e t e c t i n g f r o n t a l systems 
usi n g b i o l o g i c a l i n d i c a t o r s was conducted i n c o l l a b o r a t i o n 
with AUVE and IMER ( I n s t i t u t e of Marine Environmental 
Research) i n the Alboran B a s i n i n November 1981 where one 
of the most pronounced f r o n t s i n the Mediterranean o c c u r s 
(Woods and Watson, 1970; Cheney, 1977). I t i s c r e a t e d by 
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the s w i f t A t l a n t i c water j e t which flows through the 
S t r a i t of G i b r a l t a r and meanders about 500km eastward 
through the Alboran B a s i n to the prime meridian 
(Stevenson, 1977) and i s r e s t r i c t e d to the upper 200m 
(Levin e & White, 1972). The mast d i s t i n g u i s h i n g 
c h a r a c t e r i s t i c of the f r o n t a l system i s the a n t i c y c l o n i c 
gyre found i n the western b a s i n between Spain and Morocco 
between 4-V and S'W. although Ovchinnikov e t al (1976) 
have argued t h a t t h i s gyre i s an anomaly c r e a t e d by 
unusual northwest winds d u r i n g p a r t i c u l a r summers. 
However, v a r i o u s other workers contend t h a t the l a r g e , 
a n t i c y c l o n i c gyre I s a p e r s i s t e n t f e a t u r e of the western 
Alboran Sea, a t l e a s t d u ring l a t e s p r i n g and summer, 
r e g a r d l e s s of the p r e v a i l i n g wind d i r e c t i o n (Donguy, 1962; 
Cheney, 1977, 1978; Grousson & Faroux, 1963; Lacombe et-
aJ, 1964;' Stevenson, 1977). Data f o r other seasons i s 
l i m i t e d , but those t h a t do e x i s t (Cheney. 1978; Lucaya & 
D e C a s t i l l e J o , 1972) i n d i c a t e t h a t the gyre I s a normal 
f e a t u r e of the c i r c u l a t i o n p a t t e r n and p e r s i s t s throughout 
the year, along with a s e r i e s of a l t e r n a t i n g c y c l o n i c and 
a n t i c y c l o n i c gyres to the e a s t of the main a n t i c y c l o n i c 
gyre. 
The aim of the survey c a r r i e d out i n November 1981 was 
to I n v e s t i g a t e both the h o r i z o n t a l and v e r t i c a l 
d i s t r i b u t i o n of temperature, s a l i n i t y and c h l o r o p h y l l 
a c r o s s the f r o n t i n the Alboran Basin, C h l o r o p h y l l A was 
chosen as. the b i o l o g i c a l parameter to be i n v e s t i g a t e d a s 
i t was p o s s i b l e to o b t a i n continuous s u r f a c e measurements 
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of c h l o r o p h y l l a f l u o r e s c e n c e (Chi F) u s i n g a flow-through 
system connected to the s h i p s f i r e - m a i n system. 
The f r o n t was l o c a t e d , and i t was found t h a t both the 
i n - f l o w i n g A t l a n t i c Water a t the northern boundary of the 
gyre, and the Gyre Water cou l d be c h a r a c t e r i z e d by t h e i r 
s e a s u r f a c e temperature (SST), s a l i n i t y and c h l o r o p h y l l a. 
f l u o r e s c e n c e v a l u e s . A high c o r r e l a t i o n was found between 
temperature and s a l i n i t y i n c r o s s i n g the f r o n t between the 
A t l a n t i c Water and the Gyre Water, but the c h l o r o p h y l l 
data showed no c o r r e l a t i o n with e i t h e r temperature or 
s a l i n i t y i n c r o s s i n g the f r o n t , d e s p i t e the f a c t t h a t both 
the A t l a n t i c Water and the Gyre Water could be 
c h a r a c t e r i z e d by t y p i c a l c h l o r o p h y l l ^ f l u o r e s c e n c e 
v a l u e s . These r e s u l t s I n d i c a t e d t h a t the l a c k of 
c o r r e l a t i o n between c h l o r o p h y l l a f l u o r e s c e n c e and 
temperature and s a l i n i t y was due to the. f a c t t h a t the 
c h l o r o p h y l l response on changing water masses preceded 
both temperature and s a l i n i t y responses. T h i s suggested 
t h a t not only could the f r o n t be d e t e c t e d by continuous 
monitoring of a b i o l o g i c a l parameter, but t h a t the r e a l -
time monitoring of in vivo c h l o r o p h y l l f l u o r e s c e n c e l e v e l s 
might o f f e r a p o t e n t i a l " e a r l y - w a r n i n g " alarm when 
approaching a f r o n t a l system. 
A f u r t h e r survey was c a r r i e d out on the Ushant f r o n t 
during June 1982 i n order to i n v e s t i g a t e whether s i m i l a r 
r e s u l t s were ob t a i n a b l e f o r a s h e l f s e a f r o n t , and to 
determine the d i s t a n c e advantage, i f any. gained by u s i n g 
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c h l o r o p h y l l A f l u o r e s c e n c e a s a d e t e c t o r of a s h e l f s e a 
f r o n t . 
T h i s was followed by a survey of the same f r o n t i n June 
1984 to determine both a l a r m and f a l s e a l a r m r a t e s u s i n g 
c h l o r o p h y l l A f l u o r e s c e n c e measurements a s a r e a l - t i m e 
d e t e c t i o n method and to compare these r a t e s with those 
obtained u s i n g temperature a s a d e t e c t i o n method. S t u d i e s 
were a l s o undertaken to I n v e s t i g a t e the e f f e c t of DCMU 
a d d i t i o n on the f l u o r e s c e n c e of n a t u r a l populations of 
marine phytoplankton a c r o s s a s h e l f - s e a f r o n t , and the 
e f f e c t s of d i u r n a l v a r i a t i o n on in situ c h l o r o p h y l l a. 
f l u o r e s c e n c e . The d i s t r i b u t i o n of adenosine t r l - p h o s p h a t e 
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2. METHODS 
2. 1 Conduct of T r i a l s . 
Survey a r e a s were s e l e c t e d on the b a s i s of the 
h i s t o r i c a l record, and the t r i a l s c a r r i e d out on board 
Royal Marine A u x i l i a r y S e r v i c e (RMAS) v e s s e l s . The 
su r v e y s were t h e r e f o r e s t r i c t l y c o n f i n e d to these 
predetermined a r e a s , as"work i n submarine e x e r c i s e a r e a s 
r e q u i r e d p r i o r c l e a r a n c e from F l e e t , and was a l s o l i m i t e d 
by t e r r i t o r i a l waters. 
Navigation was by SATNAV i n the Alboran Basin, and by 
SATNAV and DECCA on a l l other s u r v e y s . 
V e r t i c a l p r o f i l i n g s t a t i o n s were chosen on the b a s i s of 
p r i o r s u r f a c e monitoring during the t r i a l , with the 
sampling regimes f o r n u t r i e n t and pigment a n a l y s i s being 
d i c t a t e d by the temperature and/or c h l o r o p h y l l p r o f i l e s a t 
a p a r t i c u l a r s t a t i o n . 
2.2 Temperature and C o n d u c t i v i t y . 
Monitoring of s e a s u r f a c e temperature (SST) and 
s a l i n i t y i n the Alboran B a s i n was c a r r i e d out u s i n g a 
Pa r t e c h TSD-81 instrument, c o n s i s t i n g of a remote 
temperature compensated e l e c t r o l y t i c c o n d u c t i v i t y probe 
with a b u i l t - i n high speed temperature sensor. T h i s was 
connected to a deck u n i t f o r d i r e c t readout of temperature 
and computed s a l i n i t y readings. 
The P a r t e c h u n i t was pla c e d i n a flow-through system, 
i n p a r a l l e l with a Turner fluorometer, u s i n g water 
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obtained from the s h i p ' s f i r e main system. The flow r a t e 
past the P a r t e c h was approximately 30 1 mln-' Cabout 8 
times g r e a t e r than t h a t used f o r the Turner f l u o r o m e t e r ) . 
T h i s Instrument was battery-powered, and s i n c e no 
i n d i c a t i o n as to the s t a t e of charge was a v a i l a b l e , 
erroneous r e s u l t s were sometimes obtained as a r e s u l t of 
the b a t t e r i e s d i s c h a r g i n g . 
Continuous monitoring of sea s u r f a c e temperature and 
c o n d u c t i v i t y was t h e r e f o r e c a r r i e d out i n a l l other a r e a s 
u s i n g an NBA ( C o n t r o l s ) L t d CTU-1 sensor based on the NBA 
Model IDC-2 I n d u c t i v e c o n d u c t i v i t y probe. The t h e r m i s t o r 
and i n d u c t i v e c o n d u c t i v i t y sensor, which a r e mounted 
w i t h i n the sample chamber, c o n t i n u o u s l y sample the 
surrounding water and the a c q u i r e d r e a d i n g s are d i s p l a y e d 
d i g i t a l l y . An i n d u c t i v e c o n d u c t i v i t y c e l l o r d i n a r i l y 
r e q u i r e s a minimum volume of water (approx. 50 g a l l o n s ) 
f o r a c c u r a t e measurement. S i n c e the s e n s o r of the CTU-1 
monitors a c o n s t a n t volume of water, any d e v i a t i o n caused 
by the lower water volume i s c o r r e c t e d f o r by c a l i b r a t i o n 
of the sensor w h i l s t i n the measuring chamber. The output 
from the probe i s t h e r e f o r e s c a l e d before being d i g i t a l l y 
d i s p l a y e d . 
D e t a i l s of the thermal s t r u c t u r e of the water column 
were obtained u s i n g expendable bathythermographs (XBTs). 
with the data being s t o r e d on a S i p p i c a n Mk 8 XBT 
recorder. 
Conductivity/Temperature/Depth (CTD) data f o r v e r t i c a l 
p r o f i l e s were obtained u s i n g a N e i l Brown Instrument 
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deployed by the Admiralty Research E s t a b l i s h m e n t (ARE -
formerly AUVE). 
2.3. C h l o r o p h y l l Measurement 
In vivo c h l o r o p h y l l Q. f l u o r e s c e n c e e m i s s i o n s (Lorenzen, 
1966) were c o n t i n u o u s l y monitored u s i n g a Turner Design 
Model 10 Fluorometer f o r s u r f a c e mapping and an O r i e l Sub-
AquaTracka f o r v e r t i c a l p r o f i l i n g . D i s c r e t e water samples 
were s u b j e c t e d to pigment a n a l y s i s u s i n g 
spectrophotometric techniques. 
2.3.1. Turner Model 10 Fluorometer: 
T h i s instrument i s a r a t i o fluorometer, i n c o r p o r a t i n g a 
flow-through c e l l , i n which the s t r e n g t h of the in vivo 
c h l o r o p h y l l a. f l u o r e s c e n t e m i s s i o n i s compared to t h a t of 
the e x c i t i n g l i g h t . For the t r i a l i n the Alboran B a s i n , 
the instrument was c a l i b r a t e d to g i v e a f u l l - s c a l e 
d e f l e c t i o n of 31,000 Turner U n i t s ( t u s ) a t a c o n c e n t r a t i o n 
of 10 mg m-=^  of c h l o r o p h y l l a* u s i n g an acetone e x t r a c t of 
the a l g a Chlorella vulgaris. On a l l subsequent t r i a l s , a 
suspension of the a l g a Phaeodactylum tricornutum, the 
c h l o r o p h y l l a. content of which had been determined 
s p e c t r o p h o t o m e t r i c a l l y was used. 
The e x c i t a t i o n source was a blue f l u o r e s c e n t lamp 
(F4T5), the l i g h t from which was passed through a Corning 
CS 5-60 f i l t e r . The main e x c i t a t i o n energy was t h e r e f o r e 
a t about 445nm. The f l u o r e s c e n c e e m i s s i o n passed through 
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a Corning CS 5-64 f i l t e r , e x c l u d i n g wavelengths below 
645nm, with maximum t r a n s m i s s i o n a t 650nm. 
The standard S4 p h o t o r a u l t i p l l e r (RCA 931A) was r e p l a c e d 
by a r e d - s e n s i t i v e p h o t o m u l t l p l i e r (R136) i n order to 
extend the range of the Instrument from 650nm to 750nm. 
Si n c e in vivo c h l o r o p h y l l has a maximum f l u o r e s c e n c e a t 
685nm (Goedher, 1964), t h i s m o d i f i c a t i o n I n c r e a s e d the 
s e n s i t i v i t y to c h l o r o p h y l l s by a f a c t o r of approximately 
10. A flow-through system was used i n which the sample 
was i r r a d i a t e d f o r approximately 0.3 seconds. 
These m o d i f i c a t i o n s were made so t h a t the instrument 
measured mainly f l u o r e s c e n c e from c h l o r o p h y l l a. with some 
i n t e r f e r e n c e from c h l o r o p h y l l i , but p r a c t i c a l l y none from 
c h l o r o p h y l l 
The amount of f l u o r e s c e n c e measured by the 
p h o t o m u l t i p l i e r r e g i s t e r e d on a d i a l which read from 0-
100, and the 0-10 mV output was c o n t i n u o u s l y recorded on a 
Servogor multichannel recorder. 
The s e n s i t i v i t y of the fluorometer was a l t e r e d by 
v a r y i n g the amount of l i g h t e x c i t i n g the sample by means 
of four d i f f e r e n t s i z e d a p e r t u r e s i n a range s e l e c t o r ( x l . 
x3, xlO & x30). each of which had a d i s c r e t e voltage 
s i g n a l of between 0 to 1 V o l t which co u l d a l s o be 
recorded. S e l e c t i o n c o u l d be c a r r i e d out e i t h e r manually 
or a u t o m a t i c a l l y . On automatic mode, a more s e n s i t i v e 
range was s e l e c t e d when the read i n g f e l l below 20% of 
f u l l - s c a l e d e f l e c t i o n . Conversely, a l e s s s e n s i t i v e range 
was s e l e c t e d when the reading went o f f - s c a l e . 
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In order to ex p r e s s the fluorometer r e a d i n g s a s 
q u a n t i t i e s of c h l o r o p h y l l a, per l i t r e of seawater i t i s 
nec e s s a r y to c a l i b r a t e the Instrument a g a i n s t known v a l u e s 
of c h l o r o p h y l l 
The fluorometer was c a l i b r a t e d u s i n g pure c u l t u r e s of 
the a l g a Phaeodactylum tricornutum whose c h l o r o p h y l l ja 
c o n c e n t r a t i o n had been determined by u.v. techniques. 
Absorbance of the e x t r a c t s were measured a t 630nm, 645nm & 
750nm, and the e x t i n c t i o n c o e f f i c i e n t s , e, c a l c u l a t e d . 
C h l o r o p h y l l o. c o n c e n t r a t i o n s were then c a l c u l a t e d u s i n g 
the f o l l o w i n g equation (SCOR-UNESCO. 1966): 
Chi A = 11.64 6 6 6 3 - 2.16 e s ^ s + 0.1 e s ^ o >ig 1"' 
Where 
€ s 6 3 = AbSesa - Abs-7so 
e e 4 6 = Abs-s-as - Abs-7Go 
€*53o = AbSisso - Abs-7eo 
( S u b t r a c t i n g the absorbance v a l u e s a t 750nm c o r r e c t e d f o r 
t u r b i d i t y of the sample) 
To c a l i b r a t e the Turner, the c u l t u r e was d i l u t e d to 
give an in viva suspension e q u i v a l e n t to 10 pg 1""^ 
The range of in vivo c h l o r o p h y l l c o n c e n t r a t i o n s 
measured by t h i s Instrument i s 0.04 to 15.0 ppb (>ig 1"^ ) . 
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2.3.2 O r i e l Sub-AquaTracka: 
T h i s instrument was used to o b t a i n v e r t i c a l c h l o r o p h y l l 
p r o f i l e s . The e x c i t a t i o n source, a pulsed xenon l i g h t , 
g i v e s a continuous output, and the instrument I n c o r p o r a t e s 
a double beam system, each beam having an Independent 
photodiode d e t e c t o r . A r e f e r e n c e channel monitors the 
l i g h t source i n t e n s i t y d i r e c t l y , and a d j u s t s f o r reduced 
output due to ageing of the lamp. 
2.4. Pigment A n a l y s i s . 
The f l u o r e s c e n c e e m i s s i o n monitored by the Turner and 
O r i e l fluorometers i s not n e c e s s a r i l y due s o l e l y to 
c h l o r o p h y l l a. - a c o n t r i b u t i o n c o u l d a l s o be made by other 
c h l o r o p h y l l s and breakdown products such a s phaeophytin. 
The e x t e n t to which t h i s o c c u r s w i l l be dependent on 
numerous f a c t o r s , i n c l u d i n g s p e c i e s v a r i a t i o n and the 
p h y s i o l o g i c a l c o n d i t i o n of the organisms. 
In order to measure the c o n c e n t r a t i o n s of c h l o r o p h y l l 
pigments and breakdown products, d i s c r e t e water samples 
were c o l l e c t e d , f i l t e r e d and e x t r a c t e d i n t o an o r g a n i c 
s o l v e n t . The e x t r a c t s were then s u b j e c t e d to 
spectrophotometric a n a l y s i s , and c h l o r o p h y l l s a, i . s. and 
phaeophytin a. l e v e l s c a l c u l a t e d u s i n g equations d e r i v e d by 
J e f f r e y and Humphrey (1975). 
The procedure f o r e x t r a c t i n g c h l o r o p h y l l during the 
s u r f a c e monitoring programme was to take a 1 l i t r e sample 
of seawater d i r e c t from the Turner fluorometer outflow. 
Nansen b o t t l e s were used to c o l l e c t 1 l i t r e samples d u r i n g 
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v e r t i c a l p r o f i l i n g to c a l i b r a t e the O r i e l . To prevent 
f u r t h e r pigment breakdown 1ml of 1% magnesium carbonate 
suspension was added to the sample. The sample was then 
f i l t e r e d through a Whatman g l a s s m i c r o f i b r e f i l t e r u s i n g 
vacuum f i l t r a t i o n . The f i l t e r paper was then removed, 
folded r e s i d u e - s i d e inwards, and pre s s e d dry between 
f i l t e r papers. Where on-board a n a l y s i s was not p o s s i b l e , 
f i l t e r s were s t o r e d ( f o r subsequent l a b o r a t o r y a n a l y s i s ) 
a t -20*C to prevent pigment breakdown (Nigh t i n g a l e , 1982). 
The d r i e d f i l t e r paper was p l a c e d i n a McCartney 
b o t t l e , which had been covered i n aluminium f o i l to 
prevent l i g h t degrading the sample, manually macerated f o r 
3 minutes i n 9.9 mis of 90% aqueous acetone and 0.1 ml of 
methanol and allowed to st a n d i n a dark p l a c e f o r 20 
minutes. The supernatant was then decanted o f f , and 
s y r i n g e d through a Whatman g l a s s m i c r o f i b r e f i l t e r t o 
remove any remnants of o r i g i n a l f i l t e r . Using a Pye 
Unican SP1800 spectrophotometer with 4cm path length 
c e l l s , r e a d i n g s were taken a t 630nm, 645nm, 663nm and 
750nm, and the c h l o r o p h y l l c o n c e n t r a t i o n s c a l c u l a t e d u s i n g 
the f o l l o w i n g equations ( J e f f r e y & Humphrey, 1975): 
Chi a = C 11. 64 ( e e . . s 3 ) - 2 . 1 6 1 ( e G 4 5 ) + 0. 1 (€G;3O) 3 v/V mg m"^ ' 
Chi J2 = C - 3 . 9 4 ( e G S 3 ) + 20. 97 ( e c - i s ) - 3. 66 ( e e a o ) 3 v/V mg m-=^' 
Chi C-5, 53(6e.-!=i3) + 14. 81(eG-te)+ 54. 22 ( e s s o ) 3 v/V mg m'^  
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Vhere 
£ 6 6 3 = AbSGS3 - A b s v s o 
CG4S = A b S i S A s - Abs-7so 
€ G 3 O = Abs<s3o — Abs-7so 
V = volume of e x t r a c t (ml) 
V = volume of seawater (1) 
( S u b t r a c t i n g the absorbance v a l u e s a t 750nm c o r r e c t e d f o r 
t u r b i d i t y of the sample.) 
In order to c a l c u l a t e the phaeophytln c o n c e n t r a t i o n , 
r e a d i n g s of the e x t r a c t were taken a t 665nm and 750nm 
before and a f t e r a c i d i f i c a t i o n with 0.5ml of N HCl: 
i n i t i a l r e a d i n g s were recorded, 0.5 ml of N HCl were added 
to the e x t r a c t , and a b s o r p t i o n s a g a i n measured a t 665nm 
and 750nm a f t e r s t o r i n g f o r 30 minutes i n the dark. 
C o n c e n t r a t i o n s of c h l o r o p h y l l A and phaeophytin a were 
then c a l c u l a t e d u s i n g the f o l l o w i n g equations (Lorenzen, 
1967): 
Chi a = 26.73(665o - 665«)v/VL mg m-^-
Phaeo A = 26. 73C 1. 7 (665«) - 665a ]v/VL rag m-^* 
Where: 
665o = (Absorbance 665nm - Absorbance 750nm) before 
a c i d i f i c a t i o n 
665« = (Absorbance 665nm - Absorbance 750nm) a f t e r 
a c i d i f i c a t i o n 
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V = volume o f e x t r a c t <ml) 
V = volume o f s a m p l e <1> 
L = p a t h l e n g t h of c e l l <cm) 
2.5 A d e n o s i n e T r i p h o s p h a t e <ATP>. 
The c h e m i c a l breakdown of c a r b o h y d r a t e s , f a t s and 
p r o t e i n s by t h e r e s p i r a t o r y m e t a b o l i s m of both p l a n t and 
a n i m a l c e l l s r e l e a s e s e n e r g y . T h i s i s used, a s i s t h e 
e n e r g y d e r i v e d from p h o t o s y n t h e s i s , i n t h e s y n t h e s i s of a 
pho s p h a t e compound, a d e n o s i n e t r i p h o s p h a t e (ATP). ATP c a n 
t h e n a c t a s an e n e r g y donor f o r t h e wide v a r i e t y o f 
b i o c h e m i c a l r e a c t i o n s i n s i d e c e l l s . ATP i s t h u s a means 
by w h i c h t h e e n e r g y d e r i v e d from s u n l i g h t o r from f o o d 
m e t a b o l i s m may be s t o r e d w i t h i n t h e c e l l s and r e l e a s e d 
when r e q u i r e d . C e l l u l a r ATP c a n be d e t e r m i n e d by 
e n z y m a t i c e s t i m a t i o n , • u t i l i z i n g l u c l f e r a s e . 
L i g h t e m i s s i o n i n t h e f i r e f l y Protlnus pyralis h a s been 
shown t o be dependent on ATP CMcElroy. 1947; M c E l r o y & 
S t r e h l e r , 1949; S t r e h l e r & T r o t t e r , 1 9 5 2 ) , w i t h c r u d e 
e x t r a c t s o f l u c i f e r a s e f rom t h e f i r e f l y abdomen s h o w i n g an 
In vitro l u m i n e s c e n c e w h i c h i s dependent on ATP 
c o n c e n t r a t i o n . The p r o d u c t i o n of l i g h t f r om t h i s 
r e a c t i o n forms t h e b a s i s o f t h e e n z y m a t i c e s t i m a t i o n o f 
ATP. The r e a c t i o n o c c u r s i n two s t a g e s ( K a r l & Holm-
Hansen, 1 9 7 6 ) : 
1) LHs: + A T P + LUCIFERASE + Mg=^ — * E-LH::L-AMP + P P i 
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2) E-LHi-AMP + — • OXYLUCIFERIN + LUCIFERASE + COz + 
AMP + hv 
Where 
LH^ = l u c l f e r l n 
AMP = a d e n o s i n e monophosphate 
P P l = p y r o p h o s p h a t e 
E-LHs2-AKP = D e h y d r o x y l u c i f e r l n - A M P complex, 
hv = L i g h t 
The s u b s t r a t e s r e q u i r e d f o r t h i s r e a c t i o n a r e l u c l f e r l n . 
oxygen and ATP, w i t h b i v a l e n t m e t a l I o n s ( e s p e c i a l l y Mg=^ "^ ) 
b e i n g r e q u i r e d a s c o - f a c t o r s i n t h e r e a c t i o n . When 
l u c i f e r l n and l u c i f e r a s e a r e i n e x c e s s , t h e c o n c e n t r a t i o n 
of ATP w i l l l i m i t t h e r a t e of t h e r e a c t i o n , w i t h l i g h t 
p r o d u c t i o n b e i n g p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n o f ATP. 
A l t h o u g h a r e l a t i v e l y s i m p l e a s s a y t e c h n i q u e , t h e 
r e l i a b i l i t y of t h e method I s dependent upon c e r t a i n 
c o n s t r a i n t s : 
1) C e l l u l a r ATP must be e x t r a c t e d w i t h o u t t h e 
d e g r a d a t i o n of t h e m o l e c u l e by h y d r o l y t l c • e n z y m e s p r e s e n t 
w i t h i n t h e c e l l . T h e r e f o r e , c e l l u l a r A T P a s e s must be 
d e n a t u r e d p r i o r t o ATP e x t r a c t i o n . 
2) S i n c e t h e a s s a y t e c h n i q u e I s e n z y m a t i c , i t i s 
s e n s i t i v e t o e n v i r o n m e n t a l c h a n g e s , i . e . t e m p e r a t u r e , pH 
and i n h i b i t i o n f r o m a n i o n s and c a t i o n s ( P a t t e r s o n et a i , 
1970), E v e n i f t h e s e f a c t o r s a r e c o n s t a n t , l l g b t 
p r o d u c t i o n may be quenched due t o a b s o r p t i o n by compounds 
or s t r u c t u r e s (eg. c e l l s ) p r e s e n t i n t h e sample. 
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C e l l u l a r ATP e s t i m a t i o n s were p e r f o r m e d u s i n g t h e l i g h t 
p r o d u c t i o n from t h e e n z y m a t i c r e a c t i o n o f ATP w i t h 
l u c i f e r i n and l u c i f e r a s e , and a s s a y e d u s i n g t h e 
Lumacounter M2080 CLumac, B.V.. P o s t Bus 31101. 6370 AC 
S c h a e s b e r g , The N e t h e r l a n d s ) . T h i s i n s t r u m e n t a l l o w s t h e 
e s t i m a t i o n o f ATP b y . e i t h e r pealr h e i g h t a n a l y s i s o r 
i n t e r p r e t a t i o n o f t h e l i g h t d e c a y c u r v e f o r 10. 30 o r 60 
s e c o n d s . Enzyme i n j e c t i o n c a n be e i t h e r a u t o m a t i c o r 
manual, w i t h t h e enzyme b e i n g added t o t h e r e a c t i o n 
c u v e t t e i n t h e c o u n t i n g chamber. ATP l e v e l s a r e 
r e p r e s e n t e d on a d i g i t a l d i s p l a y u n i t , c o r r e s p o n d i n g t o 
R e l a t i v e L i g h t U n i t s CRLUs). The p h o t o m u l t l p l l e r g i v e s 
maximum s e n s i t i v i t y between 375nm and 620nm. 
E s t i m a t e s of c e l l u l a r ATP were c a r r i e d out by 
i n c u b a t i n g d u p l i c a t e s a m p l e s ( l O O j j l ) w i t h lOOpl of 
N u c l e o t i d e R e l e a s i n g Agent ( B a c t e r i a ) CNRB) f o r t i m e 
p e r i o d s p r e v i o u s l y found t o r e s u l t i n maximal e x t r a c t i o n 
of ATP f rom c e l l s c o n t a i n e d i n a c u v e t t e (10 s e e s ) . At 
t h e end of t h e i n c u b a t i o n p e r i o d , lOOfil of r e c o n s t i t u t e d 
" L u m l t " enzyme (Lumac, Ibid') was added t o t h e c u v e t t e and 
t h e c u v e t t e i m m e d i a t e l y p l a c e d i n t h e c o u n t i n g chamber. 
The i n t e g r a t i o n of t h e l i g h t d e c a y c u r v e was i n i t i a t e d 5 
s e e s a f t e r enzyme a d d i t i o n , and t h e RLUs r e c o r d e d f o r e a c h 
sample. 
F o r s t a n d a r d i s a t i o n of enzyme p r e p a r a t i o n o v e r 24 
h o u r s , an ATP s t a n d a r d (0.02 /jig ml"M was measured a t t h e 
b e g i n n i n g and end of t h e e x p e r i m e n t s . The r a t i o of RLUs 
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f r o m t h e ATP s t a n d a r d a t z e r o t i m e , and a f t e r 24 h o u r s was 
c a l c u l a t e d , and u s e d t o c o r r e c t t h e s a m p l e c o u n t s . 
2.6. P a r t i c l e S i z e C o u n t s 
The C o u l t e r C o u n t e r was o r i g i n a l l y d e v e l o p e d a s a n 
I n s t r u m e n t t o c o u n t r e d b l o o d c e l l s ( C o u l t e r , 1953>, and 
h a s s u b s e q u e n t l y been a p p l i e d t o many a r e a s of s t u d y where 
e s t i m a t e s o f numbers o f s m a l l s i z e d p a r t i c l e s and t h e i r 
v olumes a r e r e q u i r e d . 
Some of t h e e a r l i e s t work u s i n g t h e C o u l t e r c o u n t e r 
w i t h u n i c e l l u l a r m a r i n e a l g a e was r e p o r t e d by H a s t i n g s e t 
a J . , ( 1 9 6 2 ) ; Maloney e t a i . , C1962) and E l - S a y e d e t a i . , 
C1963). I n t h e l a t t e r s t u d y , g r o w t h c u r v e s f o r many 
s p e c i e s were produced. " S i m i l a r s t u d i e s were p e r f o r m e d on 
Phaeadactylus trlcarnutum hy Bently-Mowat & R e l d <1977>, 
w h i l s t G r a y <1973) was a b l e t o f o l l o w t h e growth 
c h a r a c t e r i s t i c s of a p r o t o z o a n s p e c i e s . 
However, p r o b l e m s c a n be e n c o u n t e r e d when m u l t i -
c e l l u l a r s p e c i e s a r e u s e d b e c a u s e o f I n c r e a s e d e r r o r i n 
e s t i m a t e s of p o p u l a t i o n numbers ( E v a n s & M c G l l l , 1968; 
I l m a r i v a t a , 1 9 7 4 ) . F o r I n s t a n c e , when b u d d i n g o f a c e l l 
o c c u r s , p a r e n t and d a u g h t e r c e l l s may r e g i s t e r a s a 
s i n g l e , l a r g e c e l l ( Z e l l n e r e t a i . , 1 9 6 3 ) . 
However, under c e r t a i n c i r c u m s t a n c e s , t h e s h a pe of t h e 
c e l l c a n a i d I n I t s a n a l y s i s : H a s t i n g s e t al. C1962) 
found t h a t l o n g , r o d - l i k e c e l l s of Rhlzosolenia were 
o r i e n t a t e d w i t h t h e l o n g a x i s i n t h e d i r e c t i o n o f 
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e l e c t r o l y t e f l o w i n t o t h e o r i f i c e tube. The c e l l s were 
c o u n t e d u s i n g a 140^m d i a m e t e r o r i f i c e t u b e , e v e n though 
t h e c e l l s were i n t h e o r d e r o f 290>jun i n l e n g t h . 
I n t h e p r e s e n t s t u d y , i t was hoped t o compare p a r t i c l e 
s i z e c o u n t s w i t h ATP e s t i m a t i o n s and c h l o r o p h y l l 
f l u o r e s c e n c e measurements a s e s t i m a t e s o f p h y t o p l a n k t o n 
b i o m a s s (Hughes, 1 9 8 5 ) . 
The c o u n t e r c o n s i s t s o f t h r e e b a s i c p a r t s : a g l a s s 
o r i f i c e t u b e w i t h an e l e c t r o d e on e i t h e r s i d e ; a m e r c u r y 
manometer s y s t e m ( o f w h i c h t h e o r i f i c e t u b e i s a n I n t e g r a l 
p a r t ) ; and a c a t h o d e r a y o s c i l l o s c o p e (CRO) and d e c a d e 
c o u n t e r . 
A c o n s t a n t c u r r e n t i s e s t a b l i s h e d between t h e 
e l e c t r o d e s v i a t h e e l e c t r o l y t e , p a s s i n g t h r o u g h t h e s m a l l 
o r i f i c e a t t h e b a s e o f t h e g l a s s t u b e . P a r t i c l e s 
s u s p e n d e d i n t h e e l e c t r o l y t e s a r e s u c k e d i n s i d e t h e g l a s s 
t u b e by t h e m e r c u r y manometer s y s t e m , and a s t h e y p a s s 
t h r o u g h t h e o r i f i c e , t h e p a r t i c l e s p r o d u c e a s p e c i f i c 
change i n r e s i s t i v i t y between t h e e l e c t r o d e s , p r o p o r t i o n a l 
t o t h e s i z e of t h e p a r t i c l e s . The d i s c r e t e c h a n g e s i n 
r e s i s t a n c e a r e t r a n s m i t t e d a s e l e c t r i c a l I m p u l s e s t o t h e 
d e c a d e c o u n t e r and CRO m o n i t o r , w i t h e a c h p u l s e b e i n g 
r e g i s t e r e d a s a s i n g l e d i g i t on t h e d e c a d e c o u n t e r . Thus, 
by s a m p l i n g s p e c i f i c volumes o f known d i l u t i o n , t h e 
c o n c e n t r a t i o n o f p a r t i c l e s i n s u s p e n s i o n c a n be c a l c u l a t e d 
f r o m t h e d i g i t a l c o u n t o f t h e sample. I n a d d i t i o n , by 
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u s i n g s u s p e n s i o n s c o n t a i n i n g p a r t i c l e s o f known mean 
volume, e s t i m a t e s c a n be made o f p a r t i c l e volumes f r o m 
t e s t s u s p e n s i o n s . T h i s p r o c e s s i s f u r t h e r s i m p l i f i e d by 
t h e a d d i t i o n o f a C h a n n e l y z e r C-1000 w i t h w h i c h b o t h 
e s t i m a t e s o f p a r t i c l e volume and s i z e a n d / o r volume 
d i s t r i b u t i o n s c a n be made. 
The p u l s e s p r o d u c e d by t h e p a r t i c l e s a r e a r r a n g e d i n 
o r d e r of i n c r e a s i n g s i z e . The f r e q u e n c y o f t h e s e p u l s e s 
c a n t h e n be a n a l y s e d , and a s i z e d i s t r i b u t i o n c u r v e 
o b t a i n e d w h i c h i s d i s p l a y e d v i s u a l l y on t h e CRO a c r o s s 100 
c h a n n e l s . U s i n g t h e I n t e g r a t i o n mode on t h e C h a n n e l y z e r , 
a n u m e r i c a l d e s c r i p t i o n o f t h e d i s t r i b u t i o n c u r v e i s 
o b t a i n e d w h i c h c a n be c o n v e r t e d t o h a r d - c o p y u s i n g a n X-Y 
p l o t t e r , o r p r e s e n t e d a s d i g i t a l i n f o r m a t i o n v i a a 
t e l e p r i n t e r . 
2.7 g u t r i e n t A n a l y s i s 
C o n t i n u o u s s e a s u r f a c e mapping was c a r r i e d o u t by 
c o n t i n u o u s i n j e c t i o n t e c h n i q u e s u s i n g a Chemlab A u t o m a t i c 
A n a l y s e r , t h e s e a w a t e r h a v i n g f i r s t been p a s s e d t h r o u g h a 
f i l t r a t i o n u n i t c o n t a i n i n g a 0.45 pm f i l t e r . The a n a l y s e s 
were c a r r i e d out u s i n g c o l o r i m e t r l c t e c h n i q u e s , w i t h 
a b s o r p t i o n s measured u s i n g a m u l t i c h a n n e l f l o w - t h r o u g h 
c o l o r i m e t e r f i t t e d w i t h 50mm p a t h l e n g t h c e l l s . The 
automated p r o c e d u r e f o r t h e d e t e r m i n a t i o n of 
o r t h o p h o s p h a t e depends on t h e r e a c t i o n o f ammonium 
molybdate i n a c i d medium t o form m o l y b d o - p h o s p h o r i c a c i d . 
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w h i c h I s t h e n r e d u c e d in situ t o molybdenum b l u e by 
a s c o r b i c a c i d . The c o l o u r i s t h e n measured u s i n g &80nm 
i n t e r f e r e n c e f i l t e r s . 
S i l i c a t e I o n s were s i m i l a r l y r e a c t e d t o form 
s i l l c o m o l y b d a t e c o m p l e x e s , and a b s o r p t i o n measured a t 
880nm. I n t e r f e r e n c e f r o m p h o s p h a t e was e l i m i n a t e d by t h e 
a d d i t i o n o f t a r t r a t e i o n s . 
D e t e r m i n a t i o n o f n i t r a t e i s b a s e d on t h e f o r m a t i o n o f a 
d i a z o compound between n i t r i t e and s u l p h a n l l a m l d e , w h i c h 
i s t h e n c o u p l e d w i t h n a p t h y l e t h y l e n e d i a m i n e h y d r o c h l o r i d e 
t o f o r m a r e d d i s h - p u r p l e azodye. The c o l o u r I s t h e n 
measured a t 540nm. 
I T l t r a t e c o n c e n t r a t i o n s were e s t i m a t e d a f t e r r e d u c t i o n 
o f n i t r a t e t o n i t r i t e by p a s s i n g t h e s a m p l e t h r o u g h a 
cadmium/copper r e d u c t i o n c o l l , f o l l o w e d by t h e s t a n d a r d 
n i t r i t e t e c h n i q u e . N i t r a t e was t h e n e s t i m a t e d by 
s u b t r a c t i n g i n i t i a l n i t r i t e l e v e l s f r om t h e t o t a l n i t r i t e 
( a f t e r r e d u c t i o n o f n i t r a t e t o n i t r i t e ) . 
C a l i b r a t i o n and b a s e l i n e c h e c k s were c a r r i e d o u t a t 
r e g u l a r I n t e r v a l s t h r o u g h o u t t h e t r i a l . 
2.8, £ljL 
pH l e v e l s were c o n t i n u o u s l y m o n i t o r e d by a n E I L Model 
7055 pH meter, t h e e l e c t r o d e s o f w h i c h were f i t t e d i n t o a 
f l o w - t h r o u g h c e l l . The pH meter was s e t on t h e 0 - 1 4 
s c a l e , g i v i n g an a c c u r a c y of +/- 0.02 pH u n i t s . 
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2.9. S t a t i s t i c a l A n a l y s i s 
The r e l a t i o n s h i p between t h e d a t a s e t s measured d u r i n g 
t h e t r i a l s was d e t e r m i n e d u s i n g a H e w l e t t - P a c k a r d 9616S 
computer by c a l c u l a t i n g t h e p r o d u c t moment c o r r e l a t i o n 
c o e f f i c i e n t , r , from t h e f o r m u l a 
r = Z'xy / <Z'x=) CE'y=) 
Where 
X and y a r e t h e two d a t a s e t s t o be compared 
n i s t h e number of p a i r s o f d a t a s e t s 
Z'xy = E x y - <Zx) CZy) / n 
I'x^ = Zx= - <Zx)= / n 
Z'y= = Zy= - <Zy)= /n. 
2.10. D a t a S t o r a g e CSea S u r f a c e M o n i t o r i n g ) 
2.10.1. A l b o r a n B a s i n 
D u r i n g t h e s u r v e y c a r r i e d out i n t h e A l b o r a n B a s i n i n 
November 1961 ( S e c t i o n 3 ) , s e a s u r f a c e m o n i t o r i n g d a t a 
were r e c o r d e d m a n u a l l y a t 5 minute . i n t e r v a l s . 
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2.10.2. S e a s o n a l s u r v e y s 
D u r i n g t h e s e a s o n a l s u r v e y s c a r r i e d o u t a r o u n d t h e 
B r i t i s h I s l e s f o r t h e p e r i o d September 1962 t o August 1963 
( S e c t i o n 4 ) , c o n t i n u o u s a n a l o g u e s i g n a l s f r o m s e n s o r s were 
r e c o r d e d on a S e r v o g o r m u l t i c h a n n e l c h a r t r e c o r d e r , and on 
m a g n e t i c t a p e u s i n g a R a c a l S t o r e 7 DS r e c o r d e r . 
2.10.3. R a t e s o f change i n p h y s i o - c h e m i c a l p a r a m e t e r s 
D u r i n g t h e I n v e s t i g a t i o n i n t o t h e r a t e s o f change i n 
p h y s i o c h e m i c a l p a r a m e t e r s a c r o s s t h e U s h a n t f r o n t i n J u n e 
1964 ( S e c t i o n 5 ) , c o n t i n u o u s a n a l o g u e s i g n a l s were 
r e c o r d e d on a S e r v o g o r m u l t i c h a n n e l r e c o r d e r , and on a 
d a t a a q u l s i t i o n s y s t e m s u p p l i e d by Computing and 
Communication S e r v i c e s ( C C S ) , Bodmin. 
On t h e CCS s y s t e m , a n a l o g u e s i g n a l s f r o m e a c h s e n s o r 
were c o n v e r t e d t o d i g i t a l f o rm u s i n g an A p o l o c o F l e x y S4 
m i c r o p r o c e s s o r , and r e a d i n g s a t 10 s e c o n d I n t e r v a l s s t o r e d 
on m a g n e t i c t a p e u s i n g a T r a c k e r 1600 d a t a s t o r a g e s y s t e m . 
D a t a f r o m e a c h s e n s o r were t h e n a v e r a g e d o v e r one minute, 
and t h i s v a l u e d i s p l a y e d on a DEC LA34 g r a p h i c s p l o t t e r , 
and i n d i g i t a l f o rm on a DEC LA34 p r i n t e r . 
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3. I N I T I A L INVESTIGATION INTO DETECTING FRONTAL SYSTEMS 
USING BIOLOGICAL INDICATORS 
3.1. INTRODUCTION 
An i n i t i a l i n v e s t i g a t i o n i n t o d e t e c t i n g f r o n t a l s y s t e m s 
u s i n g b i o l o g i c a l i n d i c a t o r s was c o n d u c t e d I n t h e A l b o r a n 
B a s i n i n November 1981, where one o f t h e most pronounced 
f r o n t s i n t h e M e d i t e r r a n e a n o c c u r s (Cheney, 1 9 7 7 ) . The 
t r i a l was c o n d u c t e d i n c o l l a b o r a t i o n w i t h AUVE and IMER . 
A l t h o u g h a number of b i o l o g i c a l p a r a m e t e r s were 
c o n s i d e r e d f o r i n v e s t i g a t i o n ( s e e : S e c t i o n 1 . ) , t h e 
d i s t r i b u t i o n o f c h l o r o p h y l l a. was t h o u g h t t o show t h e 
g r e a t e s t p o t e n t i a l a s a d e t e c t i o n method s i n c e e x i s t i n g 
methodology, i . e . t h e measurement o f c h l o r o p h y l l A 
f l u o r e s c e n c e ( C h i F ) , made i t p o s s i b l e t o o b t a i n r e a l - t i m e 
c o n t i n u o u s measurements. 
3.2. STUDY AREA 
3.2.1. Surve' 
An i n i t i a l s u r v e y was c a r r i e d out I n t h e A l b o r a n B a s i n 
on t h e 9-10 November. 1981, i n o r d e r t o l o c a t e t h e 
p o s i t i o n of t h e f r o n t between t h e i n - f l o w i n g North 
A t l a n t i c Water (NAW) and G y r e Water (GW) i . e . NAW m o d i f i e d 
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by i t s l o n g r e s i d e n c e t i m e i n t h e M e d i t e r r a n e a n . S e a 
s u r f a c e t e m p e r a t u r e <SST), s a l i n i t y and c h l o r o p h y l l a. 
f l u o r e s c e n c e <Chl F ) l e v e l s were m o n i t o r e d , and a s e r i e s 
o f e x p e n d a b l e b a t h y t h e r m o g r a p h s <XBTs) t a k e n . F i g u r e 5 
shows t h e s h i p ' s t r a c k a nd t h e p o s i t i o n s o f t h e XBTs. 
3.2.2. S u r v e y 2. 
On t h e 10 November, an a t t e m p t was made t o o b t a i n a 
s e r i e s o f v e r t i c a l t e m p e r a t u r e a nd c h l o r o p h y l l A p r o f i l e s 
a c r o s s t h e w e l l - d e f i n e d f r o n t i d e n t i f i e d i n t h e n o r t h w e s t 
of t h e s u r v e y a r e a Ca). The s h i p ' s t r a c k and t h e 
p o s i t i o n s o f t h e v e r t i c a l p r o f i l e s t a t i o n s ( F i g u r e 6 ) were 
c h o s e n on t h e b a s i s o f t h e i n i t i a l s u r v e y C9-10 November), 
3.2.3. S u r v e y 3. 
As t h e f r o n t was not found on 10 November, and a l l t h e 
p r o f i l e s were t a k e n i n NAV, a f u r t h e r , more e x t e n s i v e 
s u r v e y was c a r r i e d out on t h e 11-12 November ( F i g u r e 7 a ) . 
3.2.4. S u r v e y 4. 
On 12 November, t h e f r o n t between NAV and GW was r e -
l o c a t e d u s i n g s e a s u r f a c e m o n i t o r i n g o f SST, s a l i n i t y , 
c h l o r o p h y l l A f l u o r e s c e n c e ( C h i F ) and XBT p r o f i l e s , a nd a 
s e r i e s o f v e r t i c a l t e m p e r a t u r e and c h l o r o p h y l l A p r o f i l e s 
made a c r o s s i t ( F i g u r e 7b) . 
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Figure 5. 
Ships traclt and XBT positions. Alboran'Basin, 9-10 November 1981 
Front between NAV and GV. 
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Ships t r a c k and p r o f i l e s t a t i o n s . Alboran Basin, 10-11 November 1981. 
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Alboran Basin. (a) Ships t r a c k and XBT p o s i t i o n s , 
11-12 November 1961. XBTs 2 t o 10 were taken along the f r o n t 
between HAV and GV. (b) P r o f i l e s t a t i o n s , 12 November 1981. 
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3.3. RESULTS. 
3.3.1. S u r v e y 1; 9-10 November ( F i g u r e 5 ) 
S u r f a c e Measurements 
On t r a n s i t 1 ( s t a t i o n s 2 t o 13) SST was < 19.0*C a t 
s t a t i o n s 2 and 3, i n c r e a s i n g t o 19.5*C a t s t a t i o n 4 a n d 
and 20.0*C a t s t a t i o n 5. SST c o n t i n u e d t o I n c r e a s e ( l e s s 
r a p i d l y ) t o 20.4*C a t s t a t i o n 10, t h e n f e l l g r a d u a l l y t o 
19.1'C a g a i n a t s t a t i o n 13. 
On t r a n s i t 2 ( s t a t i o n s 14-29) SST was s t e a d y a t 19.1*C 
f r o m s t a t i o n 14 t o s t a t i o n 15, t h e n i n c r e a s e d r a p i d l y t o 
20.1"C a t s t a t i o n 16, t h e n c e g r a d u a l l y t o 20.6'C a t 
s t a t i o n s 19-21, t h e r e a f t e r f a l l i n g a g a i n g r a d u a l l y t o 
19.0'C. 
C h i F v a r i e d f r o m 44 t o 60 T u r n e r u n i t s ( t u s ) a t 
s t a t i o n s 2 t o 4, f a l l i n g t o 30 t u s a t s t a t i o n 5, and 
r e m a i n i n g c o n s t a n t a t 26-30 t u s f r o m s t a t i o n 5 t o s t a t i o n 
23. C h i F v a l u e s t h e n I n c r e a s e d s t e a d i l y t o 43 t u s a t 
s t a t i o n 25. v a r y i n g f rom 47-62 t u s between s t a t i o n s 25 t o 
29. 
S a l i n i t y v a r i e d f r o m 36.4-36. 6 t a t s t a t i o n s 1, 2, a n d 
3, i n c r e a s i n g t o 36.8Z» a t s t a t i o n 4 and r e m a i n i n g between 
36.9 and 37. IZ. a t s t a t i o n s 5-15. At s t a t i o n s 16-21 
s a l i n i t y i n c r e a s e d t o 37.2-37.31 t h e n d e c r e a s e d t o 36.7%, 
a t s t a t i o n 22. R e s u l t s f o r s t a t i o n s 23-29 a r e n o t 
r e l i a b l e , due t o I n s t r u m e n t f a i l u r e . 
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Depth P r o f i l e s 
XBT data f o r 9-10 November (Appendix 1> i n d i c a t e t h a t 
the f i r s t t r a n s i t ( s o u t h e a s t ) s t a r t e d i n n o n - s t r a t i f l e d 
NAW, c h a r a c t e r i z e d by a SST of 18.9-C» s a l i n i t y of 36. 4Z. 
and Chi F v a l u e s of around 57 t u s . 
By s t a t i o n 4, the s h i p had passed I n t o GV, 
c h a r a c t e r i z e d by a SST of approximately 20.2*C» a s a l i n i t y 
of 37.12. and Chi F of around 28 t u s . S t a t i o n 4 showed two 
major d i f f e r e n c e s from s t a t i o n s 2 & 3: SST I n c r e a s e d by 
1.5*C, with a mixed l a y e r from the s u r f a c e t o about 15m 
and a thermocline between 15 - 150m, with a temperature 
i n v e r s i o n ( t y p i c a l of a f r o n t ) a t about 75m. 
At s t a t i o n s 11-15 I n c l u s i v e , XBT data I n d i c a t e t h a t the 
s h i p was now i n an a r e a of c o o l e r water o v e r l y i n g GV w i t h 
a SST of 19.1*C, s a l i n i t y 36.8t and Chi F of about 30 t u s . 
S t a t i o n s 10 & 15 a g a i n e x h i b i t the temperature i n v e r s i o n 
t y p i c a l of f r o n t a l regions. SST i n t h i s south e a s t e r n 
a r e a i n d i c a t e t h a t the s h i p was a g a i n i n NAV; s a l i n i t i e s 
i n d i c a t e an i n t e r m e d i a t e water mass, and c h l o r o p h y l l 
v a l u e s i n d i c a t e t h a t the s h i p was s t i l l i n GV. T h i s was 
a t t r i b u t e d to c r o s s i n g a f r o n t from GV i n t o s o u t h - f l o w i n g 
NAV t h a t i s forming the boundary a t the e a s t e r n edge of an 
a n t i c y c l o n i c gyre, an assumption l a t e r confirmed by 
s a t e l l i t e data. 
On the second t r a n s i t (northwest) the s h i p remained I n 
GV from s t a t i o n s 16-23, and a t s t a t i o n 24 had a g a i n passed 
i n t o n o n - s t r a t i f i e d NAV. 
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3.3,2. Survey 2: 10-11 Kovember ( F i g u r e s 6 & 6) 
F i g u r e 8 shows the temperature and Chi F' p r o f i l e s f o r 
s t a t i o n s 1-3. C h l o r o p h y l l f l u o r e s c e n c e was measured u s i n g 
an O r i e l fluorometer, and the f l u o r e s c e n c e r e a d i n g s 
recorded on the l o g s c a l e of the Instrument were converted 
I n t o mg m-=^  of c h l o r o p h y l l A CChl F') . 
P r o f i l e s t a t i o n 1 
Temperature ranged from 18.8-13.3*C. SST was 18.8*C, 
f a l l i n g to 18*C a t 14m. There was a s t r o n g thermocllne 
between 18 and 23 metres, with corresponding temperatures 
of 17.5 and 14.5*C. The water column remained v i r t u a l l y 
i s o t h e r m a l a t 14.4*C to 60m, with a s l i g h t temperature 
i n v e r s i o n C r i s i n g to 14,7*C) a t 60-70m, then f e l l 
g r a d u a l l y to minimum C13.3*C) a t , and below, 120m. 
Chi F' ranged from 0.2 - 2.9 mg mr=^  w ith maximum v a l u e s 
at , and above, the thermocllne, f a l l i n g from maximum <2.9 
mg ffl~=^) a t 0-15m to 0.3 mg m"^  a t 22m, then r i s i n g 
s l i g h t l y t o 0.6 mg m"® a t 30-38m, then f a l l i n g t o minimum 
(0.2 mg m"^ ') a t 40m and below. 
In vitro measurements showed t h a t phaeophytin a. was not 
d e t e c t a b l e throughout the water column C0-150m). N i t r a t e 
CUOsa ranged from 0.11 to 1.29 ppb, f a l l i n g s l i g h t l y from 
0.19 ppb a t Om to minimum CO.11 ppb) a t 50m, then r i s i n g 
to 1.20 ppb a t 50m Cover the a r e a of the temperature 
i n v e r s i o n ) and to maximum CI.29 ppb) a t 150m. S i l i c a t e 
CSi03> ranged from 2.4 to 10.2 ppb, i n c r e a s i n g s t e a d i l y 
from minimum C2.4) a t Om to maximum CIO.2 ppb) a t 100m, 
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Figure 8. 
Profile Stations 1 - 3 , 10 Hovember 1981. Distribution of temperature (•C) 
and chlorophyll a. (mg nr®) with depth. 
then f a l l i n g s l i g h t l y t o 10.0 ppb a t 150m. Phosphate 
<PO-i> ranged from 0.42 to 0.67 ppb, r i s i n g s t e a d i l y from 
minimum CO. 42) a t Om to 0.66 ppb a t 100m, and 0,67 ppb a t 
150m. 
P r o f i l e s t a t i o n 2 
Temperature ranged from 18.5-13.3*C, f a l l i n g s t e a d i l y 
from 16.5*C (maximum) a t 3m to 14.5*C a t 30m, then very 
g r a d u a l l y to 14.3*C a t 70m, then more s h a r p l y to minimum 
(13.3*C) a t , and below, 120m. 
Chi F* ranged from 0.2-3.0 mg ra~®, f a l l i n g s h a r p l y from 
maximum (3.0 mg m-^ *) a t 10m to 0.75 mg m-^  a t 20m (wit h no 
cor r e s p o n d i n g l y sharp s t e p i n the temperature p r o f i l e ) , 
then more g r a d u a l l y to minimum (0.2 mg m~=^ ) at, and below, 
40m. 
ID vitro measurement of phaeophytin A showed t h a t i t 
was not d e t e c t a b l e a t 0, 20, or 100m, but was present a t a 
l e v e l of 2.04 mg m-^" a t 50m, corresponding with I n c r e a s e s 
i n NOs, FOA and SiOs. NO3 ranged from 0.66 to 3.89 ppb, 
f a l l i n g s l i g h t l y from 0.98 ppb a t Om to 0.86 ppb a t 20m, 
then r i s i n g below the base of the thermocline to 3.44 ppb 
at 50m, and r e a c h i n g maximum (3.89 ppb) a t 100m. SiOa 
ranged from 1.9 to 11.4 ppb, r i s i n g from minimum (1.9) a t 
Om to 3.2 ppb a t the thermocline (20m), then more s h a r p l y 
to 11.4 ppb (maximum) a t 50m before dropping s l i g h t l y t o 
10.6 ppb a t 100m. POA ranged from 0.34 t o 0.66 ppb, 
f a l l i n g from 0.41 ppb a t Om to minimum (0.34 ppb) a t the 
base of the thermocline a t 20m, then r i s i n g more s h a r p l y 
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to 0.66 ppb <max!mum) a t SOm and remaining r e l a t i v e l y 
c o n stant t o lOOm (0.65 ppb). 
P r o f i l e s t a t i o n 3 
Temperature ranged from 18.6-13.3*C, f a l l i n g s t e a d i l y 
from maximum (18.6) a t 3m to minimum C13.3*C> a t , and 
below, 60m. There was no d e f i n i t e thermocline. with the 
top 80m of the water column being f a i r l y w e l l mixed. 
Chi F' ranged from 0.2-2.0 mg nr^ "^, f a l l i n g from 1.25 mg 
nr^" a t 4m to 1.0 mg m-^ -^ a t 10m. r i s i n g t o maximum <2. 0 mg 
m-®) a t 30m (not corresponding to any s t e p i n the 
temperature p r o f i l e ) , then f a l l i n g to minimum (0.2 mg m-^ ") 
at, and below. 60m, the bulk of the c h l o r o p h y l l being a t 
10-40m. 
In v i t r o phaeophytin A was not d e t e c t a b l e throughout 
the water column from 0 to 110m. NO3 ranged from 1.92 t o 
3,99 ppb, with the h i g h e s t v a l u e s being i n the top 50m of 
the water column. UOa dropped s l i g h t l y from maximum (3.99 
ppb) a t Om to 3.81 a t 20m and 3.06 ppb a t 50m, then to 
minimum (1.92 ppb) a t 110m. SlOs ranged from 6.4 to 12.2 
ppb, r i s i n g from minimum (6.4ppb) a t Om to 7.0 ppb a t 20m, 
then r a t h e r more s h a r p l y t o 10.7 ppb a t 50m, and more 
g r a d u a l l y to maximum (12.2 ppb) a t 110m. PO^ ranged from 
0.44 to 0.75 ppb, r i s i n g s t e a d i l y from minimum (0.44 ppb) 
a t Om to maximum (0.75 ppb) a t 110m. 
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3.3.3. Survey 3: 11-12 November (F i g u r e 7a) 
Sur f a c e Measurements 
On t r a n s i t 1 (XBT s t a t i o n s 1 to 33) SST rose from 
20.7*C a t s t a t i o n 1 to 20.9*C a t s t a t i o n s 4-9, then f e l l 
s t e a d i l y to 19.1*C a t s t a t i o n 18, and remained f a i r l y 
c o n stant a t 19.1-19.2'C from s t a t i o n 18 to s t a t i o n 29, 
r i s i n g to 20.5'C a t s t a t i o n 33. 
Chi F ranged from 27-65 tus, being f a i r l y c o nstant a t 
around 28 t u s from s t a t i o n 1 to s t a t i o n 7, then r i s i n g 
g r a d u a l l y to 65 t u s a t s t a t i o n 18, and v a r y i n g s l i g h t l y 
from 55 to 65 t u s from s t a t i o n 18 to s t a t i o n 29. Chi F 
then f e l l s h a r p l y to 28 t u s a t s t a t i o n s 32 and 33. 
S a l i n i t i e s ranged from 36.9 to 37.52., r i s i n g s l i g h t l y 
from 37.42, a t s t a t i o n 1 to 37.52. a t s t a t i o n s 2 to 11, 
dropping s l i g h t l y to 37.4 a t s t a t i o n s 12 and 13, then more 
s h a r p l y to 37.02> at' s t a t i o n 16, and remaining at 36.9 to 
37.02. a t s t a t i o n s 16 to 29, then r i s i n g g r a d u a l l y a g a i n to 
37. 42. a t s t a t i o n 33. 
3.3.4. Survey 4: 12 November ( F i g u r e 7b) 
P r o f i l e s t a t i o n 1 
P r o f i l e 1 was taken i n weakly s t r a t i f i e d NAV with no 
s u r f a c e isothermal l a y e r . Temperature ranged from 17.6-
13.2'C f a l l i n g from maximum (17.6*C) a t 5m to 14.9*C a t 
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40m, then more g r a d u a l l y t o 13.5*C a t 100m, r e a c h i n g 
minimum C13.2*C) a t , and below, 120m. 
Chi F' ranged from <0. 1-7.5 mg m-=^ , r i s i n g s h a r p l y from 
1.0 mg m-^* a t 2-5m, to maximum C7.5mg m-=^ ) a t 20m, then 
f a l l i n g s h a r p l y to 0.9 mg mr=^  a t 40-50m, then f a l l i n g 
f u r t h e r to <0. 1 mg m-^^ a t , and below, 65m. 
Phaeophytin a. was not d e t e c t a b l e throughout the water 
column CO-lOOm) , I n d i c a t i n g a h e a l t h y phytoplankton 
population. UOo ranged from 0.2-0.92 ppb, being minimum 
CO.2 ppb) a t Om and r i s i n g from 0.7 ppb a t 20m to maximum 
C0.92ppb) a t 55m, where Chi F' l e v e l s were highest, then 
f a l l i n g t o 0.72 ppb aga i n a t 100m. SiOa ranged from 4,4-
10.0 ppb, i n c r e a s i n g s t e a d i l y from minimum C4.4 ppb) a t Om 
to maximum ClO.O ppb) a t 100m. POA ranged from 0.39-0.52 
ppb, f a l l i n g s l i g h t l y from 0.4 ppb a t Om to 0.39 ppb 
Cminimum) a t 20m, then r i s i n g to maximum CO.52 ppb) a t 55m 
Cbelow the bulk of Chi F') before f a l l i n g s l i g h t l y t o 0.51 
ppb a t 100m. 
P r o f i l e s t a t i o n 2 
P r o f i l e 2 was a g a i n i n HAW, Temperature ranged from 
17.8T13,2-C, being v i r t u a l l y i s o t h e r m a l to 25m then 
f a l l i n g to 14.2*C a t 65m, and remaining r e l a t i v e l y 
c o n stant from 65-90m, with a s l i g h t temperature i n v e r s i o n 
a t around 80m, before f a l l i n g to minimum C13.2*C) a t , and 
below, 140m. 
In vivo Chi F' ranged from <0. 1-6.0 mg m-=^ , r i s i n g from 
1.8 mg m"=^  a t Im to 5.0 mg m-^ "^ a t 10m, then f a l l i n g t o 3.0 
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mg mr=^  a t 15m before peaking a g a i n to 6.0 mg m-^* (maximum) 
a t 25m ( a t the base of the is o t h e r m a l l a y e r ) and f a l l i n g 
to 0.5 mg nr=^ a t 50-65m, then f a l l i n g g r a d u a l l y to minimum 
(<0. 1 mg m~®) a t . and below, 80m. ID vitro phaeophytin a. 
ranged from 0.0 to 4.84 mg mr=», being 1.67 mg m"^  a t Om, 
zero a t 25 & 60m, and r i s i n g t o 4.84 mg m~=^  a t 100m. NOs 
v a r i e d from 0.37-1.35 ppb, f a l l i n g from 0,66 ppb a t Om t o 
minimum (0.37 ppb) a t 25-60m, below the isothe r m a l l a y e r , 
then r i s i n g to maximum (1.35 ppb) a t 100m. SlQz ranged 
from 4,6-10.3 ppb r i s i n g s t e a d i l y from minimum (4.6 ppb) 
a t Om to maximum (10.3 ppb) a t 100m. PO-t v a r i e d from 
0.54-0.96 ppb, f a l l i n g from maximum (0.96 ppb) a t Om to 
minimum (0.54 ppb) a t the base of the is o t h e r m a l l a y e r 
(25m), then r i s i n g t o 0.64 ppb a t 60m before f a l l i n g a g a i n 
to 0.59 ppb a t lOOm". 
P r o f i l e s t a t i o n 3 
P r o f i l e 3 showed no s u r f a c e i s o t h e r m a l l a y e r , and 
temperature ranged from 17.2-13.2'C, f a l l i n g from maximum 
(17,2'C) a t 5m to 15,9'C a t 30m, then f a l l i n g to minimum 
(13.2*C) a t , and below, 140m, with s l i g h t temperature 
i n v e r s i o n s ( t y p i c a l of a f r o n t ) a t 35m and 80m. 
ID viva Chi F' ranged from <0. 1 to 7.5 mg nr=^, peaking 
from 2,0 mg m-^" a t 2m to maximum (7.5 mg m-^ ") at 10m, 
f a l l i n g s h a r p l y to 1.5 mg m-^ ' a t 30-35m. then more 
g r a d u a l l y to minimum (<0. 1 mg m"^) a t , and below, 70m. ID 
vitro phaeophytin a ranged from 0.95 to 2.12 mg m-=^ , 
f a l l i n g from 2,12 mg m-=^  a t Om to 0.95 mg m-^" at 10m, but 
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was not d e t e c t a b l e a t 30-lOOm. NOs v a r i e d between 0.5 and 
1.57 ppb, r i s i n g from minimum (0.5 ppb) a t Om to 1.44 ppb 
at 10m. c o i n c i d e n t with the c h l o r o p h y l l peak, f a l l i n g to 
0.95 ppb a t 30m, then r i s i n g to maximum (1.57 ppb) a t 50m 
before f a l l i n g a g a i n to 1.29 ppb a t 100m. SiOs ranged 
from 4.2-10.9 ppb, r i s i n g s l i g h t l y from minimum (4.2 ppb) 
at Om to 4.4 ppb a t 10m, then i n c r e a s i n g s t e a d i l y to 
maximum (10.9 ppb) a t 100m. POA ranged from 0.41-0.66 
ppb, i n c r e a s i n g g r a d u a l l y from minimum (0.41 ppb) a t Om t o 
0.63 ppb a t 50m, and r e a c h i n g maximum (0.66 ppb) a t 100m. 
P r o f i l e s t a t i o n 4 
P r o f i l e 4 was taken I n GV, showing a high s u r f a c e 
temperature and a s u r f a c e Isothermal l a y e r with a s t r o n g 
thermocline a t 10-20m. Temperature ranged from 20.0-
13.2*.C, being v i r t u a l l y I s othermal to 10m, and' f a l l i n g t o 
17.5'C between 10 & 20m, then d e c r e a s i n g to approximately 
14,6*C a t 70m, remaining r e l a t i v e l y c o n s t a n t to 90m and 
f a l l i n g g r a d u a l l y to minimum (13.2*C) a t , and below, 140m. 
ID vivo Chi F' ranged from <0.1-6.0 mg m"^ . being <0.1 
mg m-^* a t 0-1.5m, i n c r e a s i n g g r a d u a l l y to 2.8 mg m"^  a t 
20m, then s h a r p l y to maximum (6.0 mg m-^ *) a t 25m, with the 
bulk of the c h l o r o p h y l l forming a sharp peak J u s t below 
the thermocline a t 25-30m, then f a l l i n g s h a r p l y to 2,2 mg 
m~^  a t 35m, and d e c r e a s i n g to minimum (<0.1 mg m"^) a t . 
and below. 70m. In vitro phaeophytin a. ranged from 0-1.72 
mg m-=^ , r i s i n g from z e r o a t Om to maximum (1.72 mg m-=^ ) a t 
15m (where c h l o r o p h y l l v a l u e s were beginning to i n c r e a s e ) . 
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then f a l l i n g t o 0.43 a t 25m and zero a g a i n a t 80m. NOs 
ranged from 0.81-1.43 ppb, f a l l i n g from maximum (1.43 ppb) 
at Om to 1.25 ppb a t 15m then g r a d u a l l y to minimum (0.81 
ppb) a t 160m. SiOs (4.4-11.8 ppb) rose from minimum (4.4 
ppb) a t 0-15m to 4.8 ppb a t 25m ( a t the base of the 
thermocline, where c h l o r o p h y l l v a l u e s were h i g h e s t ) , then 
i n c r e a s e d s t e a d i l y t o 11.8 ppb (maximum) a t 160m. PO^t 
(0.52-0.76 ppb) f e l l from 0.66 ppb a t Om to minimum (0.52 
ppb) a t 25m (again, a t the c h l o r o p h y l l maximum), then rose 
to 0.72 ppb a t 80m, and thence to maximum (0.76 ppb) a t 
160m. 
P r o f i l e s t a t i o n 5 
P r o f i l e 5 was aga i n I n GV, showing high SST and a 
st r o n g i s o t h e r m a l l a y e r . - Temperature ranged from 20.3-
13.2*C, being Isothermal to 15m, with a s t r o n g t h e r m o c l i n e 
between 15 & 30m (19.8 t o 17,5*C), then f a l l i n g g r a d u a l l y 
to minimum (13.2*C) a t , and below. 160m. 
In vivo Chi F' ranged from <0.1-1.0 mg m"^ , r i s i n g from 
minimum (<0. 1 mg m"^) a t l-15m to maximum (1.0 mg m-=^ ) a t 
the thermocline (20-25m), then f a l l i n g t o minimum (<0.1 mg 
m-^ ") a g a i n a t . and below, 50m. C h l o r o p h y l l v a l u e s were 
uniformly very low. In vitro phaeophytin a v a l u e s were 
a l s o v e r y low, being d e t e c t a b l e o n l y a t 15m (0.08 mg m~=^). 
NOs (0.81-1.19 ppb) f e l l from maximum (1.19 ppb) a t Om to 
minimum (0.81 ppb) a t 15m a t the top of the thermocline, 
r i s i n g s l i g h t l y to 0.99 ppb a t 90m. SlOs (4.7-9.8 ppb) 




Figure 9. (a) temperature C O , and (b) chlorophyll a. 
(mg ffl~^) d i s t r i b u t i o n with depth across the front between 
NAV and GV, 12 November 1981. 
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remained constant to 90m, then rose to maximum C9.8 ppb) 
a t 180m. FOA CO.35-0.55 ppb) rose from minimum CO. 35 
ppb) a t Om to 0.39 ppb a t 90m, and i n c r e a s e d to maximum 
CO.55 ppb) a t 180m. 
The d i s t r i b u t i o n of temperature and in vivo c h l o r o p h y l l 
a. with depth f o r P r o f i l e S t a t i o n s 1 to 5 a r e shown i n 
F i g u r e 9. 
3.3.5. S a t e l l i t e data 
Atmospheric c o n d i t i o n s were s u i t a b l e f o r c l e a r imaging 
by AVHRR CAdvanced Very High R e s o l u t i o n Radiometry) 
s a t e l l i t e IR photographs from TIROS N-7 CCopyrlght of 
U n i v e r s i t y of Dundee) on 7, 11 and 15 November 1981 CPlate 
1), although these images were not a v a i l a b l e during*the 
t r i a l s period. 
On 7 November, a t 1450 h. UV and IR photographs show 
the i n f l u x of NAW flows eastwards along the south c o a s t of 
Spain and then s o u t h e r l y a t 3e*N, 4*W forming an 
a n t i c y c l o n i c gyre entrapping a warmer water mass. The 
gyre i s approximately 150 Icm i n diameter Ceast-west) and 
about 100 km i n a north-south dimension, with temperature 
g r a d i e n t s a c r o s s the f r o n t appearing s t r o n g e s t a t the 
northern edge of the gyre. 
The UV and IR photographs obtained a t 1404 h on 11 
November show t h a t a s i g n i f i c a n t change had o c c u r r e d i n 
the c o n f i g u r a t i o n of the gyre, and i t had now assumed a 
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PLATE 1. 
TIR O S ir-7 v i s i b l e and i n f r a r e d images of the Alboran 
B a s i n r e c e i v e d and enhanced by the U n i v e r s i t y of Dundee 
(a) 7. (b) 11, ( c ) 15 November 1981. 
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PLATE 1 
dumb-bell shape. The e a s t e r n edge of the gyre had not 
markedly changed p o s i t i o n , but the western edge had moved 
i n an e a s t e r l y d i r e c t i o n , and a t I t s narrowest the gyre 
was now only about 35 km wide. 
S a t e l l i t e photographs taken a t 1459 h on 15 November 
show the main gyre has e f f e c t i v e l y s p l i t i n t o 2 s m a l l e r 
gyres, the northern gyre having a diameter of about 60 km. 
Temperature g r a d i e n t s appear to be l e s s d i s t i n c t than 
those i n the e a r l i e r s a t e l l i t e photographs. 
3.4. DISCUSSION. 
3.4.1. I n i t i a l l o c a t i o n of the f r o n t 
I n the i n i t i a l s u r v e y c a r r i e d out on the 9-10 November 
1981, a f r o n t between the i n - f l o w i n g NAW and the warmer, 
more s a l i n e Alboran B a s i n Gyre was l o c a t e d a t the north of 
the survey a r e a between XBT s t a t i o n s 3 and 5 ( F i g u r e 5 ) , 
SST rose from 19.0 t o 20,0*C and s a l i n i t y i n c r e a s e d from 
36.6 to 37.02, , with XBT number 4 showing the temperature 
i n v e r s i o n t y p i c a l of f r o n t a l r egions. A s s o c i a t e d changes 
were a l s o seen i n Chi F, which v a r i e d from 44 to 60 t u s 
between s t a t i o n s 2 and 4, then f a l l i n g and remaining 
constant a t 26-30 t u s from s t a t i o n s 5 to 23. 
T h i s f r o n t was a g a i n l o c a t e d on the second t r a n s i t , 
with SST f a l l i n g g r a d u a l l y from 20.5'C a t s t a t i o n 21 to 
19.0*C a t s t a t i o n 23, and s a l i n i t y f a l l i n g from 37.32. a t 
s t a t i o n 21 to 36,72. a t s t a t i o n 22. Chi F again showed 
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changes between the two water masses, being higher i n NAV 
than i n GV, but the i n c r e a s e i n f l u o r e s c e n c e occurred 
l a t e r than t h a t of e i t h e r temperature or s a l i n i t y , r i s i n g 
s t e a d i l y from 26 t u s a t s t a t i o n 22 t o 55 t u s at s t a t i o n 
26. 
At the s o u t h - e a s t e r n edge of the s u r v e y a r e a SST 
i n d i c a t e d the presence of a second f r o n t , d e c r e a s i n g from 
20.4-C a t s t a t i o n 10 t o 19.i;C a t s t a t i o n s 13 to 15 
I n c l u s i v e , then i n c r e a s i n g s h a r p l y a g a i n to 20.1'C a t 
s t a t i o n 16. S a l i n i t i e s , however, i n d i c a t e d an 
Intermediate water mass a t 36.82, i n the extreme south-
e a s t , i n c r e a s i n g t o 37.22. a t s t a t i o n 16. and Chi F (30 
t u s ) was t y p i c a l of t h a t found i n GV. XBT p r o f i l e s i n 
t h i s r e g i o n confirmed the lower s u r f a c e temperatures 
i n d i c a t i v e of NAV. but a l s o showed.a s h a l l o w s u r f a c e 
Isothermal l a y e r which was not e v i d e n t i n the p r o f i l e s 
taken i n the NAV a t the north of the s u r v e y area. The 
development of t h i s I s o t h e r m a l l a y e r was I n t e r p r e t e d a s a 
consequence of s u r f a c e h e a t i n g of t h i s NAV during i t s 
r e s i d e n c e time i n the Alboran Basin. 
The change i n SST a t the s o u t h - e a s t of the survey a r e a 
was a t t r i b u t e d to c r o s s i n g a f r o n t between GV and NAV t h a t 
i s f l o w i n g south to form the e a s t e r n edge of the boundary 
of an a n t i c y c l o n i c gyre. Subsequent a n a l y s i s of IR 
s a t e l l i t e data however, shows t h a t the gyre was i n the 
p r o c e s s of changing shape ( P l a t e 1 ) , and i t i s t h e r e f o r e 
more l i k e l y t h a t the f r o n t d e t e c t e d by SST was t h a t 
between the o r i g i n a l , s i n g l e gyre and the i n t r u s i o n of NAV 
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which was to s p l i t the gyre by the 15th November, 
r e s u l t i n g i n an a n t i c y c l o n i c gyre i n the south of the 
Alboran B a s i n and a c y c l o n i c gyre i n the north. 
3.4.2, V e r t i c a l d i s t r i b u t i o n of temperature and Chi P 
a c r o s s the f r o n t . 
On 10 November, an attempt was made to obt a i n a s e r i e s 
of v e r t i c a l p r o f i l e s a c r o s s the w e l l - d e f i n e d f r o n t 
i d e n t i f i e d the p r e v i o u s day i n the northwest of the su r v e y 
a r e a ( F i g u r e 5 ) . Sea s u r f a c e monitoring on t h i s date, 
however, showed only BTAV, with temperatures of 18.6-
19.9'C, a s a l i n i t y of 36.7t,, and Chi F v a l u e s d e c r e a s i n g 
from 85 t u s i n the north to 40 t u s i n the south. 
P r o f i l e 1 showed a s u r f a c e i s o t h e r m a l l a y e r to around 
20m, with a s t r o n g thermocline a t 18-23m and a temperature 
i n v e r s i o n C t y p i c a l of f r o n t a l r e g i o n s ) a t 60-70m. At 
P r o f i l e 2, SST was 0.3'C lower than a t P r o f i l e 1, and the 
thermocline was l e s s well-developed. S u r f a c e temperatures 
a t P r o f i l e 3 were 0.1'C higher than a t the pr e v i o u s 
p r o f i l e s t a t i o n , and t h e r e was no w e l l - d e f i n e d 
thermocline, i n d i c a t i v e of p r o g r e s s i v e l y more a c t i v e 
mixing p r o c e s s e s from north to south ( t h i s was supported 
by I n c r e a s e s i n n u t r i e n t l e v e l s north to sout h ) , with I n -
flowi n g NAW l o s i n g momentum during i t s passage through the 
Alboran Basin, and s t r a t i f i c a t i o n becoming more pronounced 
a s a consequence of decreased mixing p r o c e s s e s and 
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i n c r e a s e d s u r f a c e h e a t i n g due to a longer r e s i d e n c e time 
I n the Alboran Basin. 
Had the water s t r u c t u r e been s i m i l a r to th a t on the 9 
November, the p r o f i l e s would have ended I n GV, which was 
not the case. I n view of the f a c t t h a t P r o f i l e 1 appeared 
to be f r o n t a l , with the temperature p r o f i l e showing a 
t y p i c a l temperature i n v e r s i o n , together with the higher 
Chi F v a l u e s found i n the north of the survey area, i t was 
concluded t h a t the gyre had moved i n a n o r t h - e a s t e r l y 
d i r e c t i o n , and a f u r t h e r , more e x t e n s i v e survey was 
undertaken on the 11-12 November i n order to r e - l o c a t e the 
f r o n t . 
3.4.3. R e - l o c a t l o n of the f r o n t . 
The f r o n t was ag a i n l o c a t e d on the 11 and 12 November, 
and had continued to move i n an e a s t e r l y d i r e c t i o n . 
C onfirmation of the movement of the f r o n t a l system a s 
observed by the r e a l - t i m e monitoring of s e a s u r f a c e 
parameters was confirmed by subsequent a n a l y s i s of AVHRR 
s a t e l l i t e IR photographs from TIROS N-.7 taken on 30 
October and 11 and 15 November 1961 ( P l a t e 1 ) . 
XBT data f o r the 11 Nov (Appendix 1> show t h a t s t a t i o n s 
1 to 8 were i n GV. The s u r f a c e i s o t h e r m a l l a y e r became 
l e s s deep a t s t a t i o n 7, becoming very s h a l l o w at s t a t i o n 
8. S t a t i o n s 9, 10 and 11 show the temperature i n v e r s i o n 
t y p i c a l of f r o n t a l r e g i o n s and I n d i c a t e t h a t the s h i p was 
e i t h e r running p a r a l l e l to the f r o n t or approaching i t 
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o b l i q u e l y , c r o s s i n g i t a t r i g h t a n g l e s between s t a t i o n s 11 
and 12. XBTs 30 to 35 i n c l u s i v e , were taken i n GW, 
c r o s s i n g i n t o NAV a t s t a t i o n 36 and back i n t o GV a t 
s t a t i o n 44. 
On the 12 Hovember, a s e r i e s of v e r t i c a l p r o f i l e s was 
made a c r o s s the f r o n t ( F i g u r e 7b & 8 ) . XBTs 1, 2A and 2B 
were taken i n GV. and XBTs 3-10 i n NAV (Appendix 1>. 
P r o f i l e 1 was taken i n weakly s t r a t i f i e d ffAV with no 
s u r f a c e i s o t h e r m a l l a y e r ; s u r f a c e c h l o r o p h y l l was high 
(but l e s s than a t s t a t i o n s 2 and 3>, with the main 
c h l o r o p h y l l peak o c c u r r i n g a t , and below, the weak 
thermocline. 
P r o f i l e 2 was a g a i n i n NAV, but i s o t h e r m a l to about 
30m, with s l i g h t l y h i g h e r s u r f a c e temperature ( p o s s i b l y 
due to the e f f e c t s of daytime s u r f a c e h e a t i n g ) ; s u r f a c e 
c h l o r o p h y l l was higher than a t s t a t i o n 1, with the 
g r e a t e s t c o n c e n t r a t i o n s a t , and above, the main 
thermocline, and j u s t below the d a i l y thermocline. 
P r o f i l e 3 was very c l o s e to the f r o n t , showing the 
t y p i c a l temperature i n v e r s i o n a t 35-40m, with no s u r f a c e 
i s o t h e r m a l l a y e r ; s u r f a c e c h l o r o p h y l l was high, with 
v a l u e s peaking c l o s e r to the s u r f a c e than a t s t a t i o n s 1 
and 2, the m a j o r i t y of the c h l o r o p h y l l being above the 
warm water i n t r u s i o n i n the well-mixed region. 
P r o f i l e 4 was taken i n GV, showing i n c r e a s e d s u r f a c e 
temperatures and a s u r f a c e i s o t h e r m a l l a y e r with a s t r o n g 
thermocline a t 15-20m. S u r f a c e c h l o r o p h y l l was very low, 
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I n c r e a s i n g a t , and below, the secondary weaker 
thermocllne. 
P r o f i l e 5 was a l s o I n GV, and i s o t h e r m a l to about 20in. 
C h l o r o p h y l l l e v e l s throughout the water column were very 
low, with a s l i g h t I n c r e a s e J u s t below the thermocllne. 
3.4.4. C o r r e l a t i o n between temperature, s a l i n i t y and 
Chi F a c r o s s the f r o n t . 
Although a degree of c o r r e l a t i o n was found between 
temperature and s a l i n i t y i n c r o s s i n g the f r o n t between in-
f l o w i n g NAW and GV, the c h l o r o p h y l l data showed no 
c o r r e l a t i o n with e i t h e r temperature or s a l i n i t y i n 
c r o s s i n g the f r o n t . T h i s was d e s p i t e the f a c t t h a t both 
the NAW and the GV c o u l d both be c h a r a c t e r i z e d by t y p i c a l 
Chi F v a l u e s . 
The o v e r a l l r e s u l t s from the November 9 - 1 2 p e r i o d 
i n d i c a t e d t h a t the c h l o r o p h y l l f l u o r e s c e n c e response may 
precede both temperature and s a l i n i t y responses, 
s u g g e s t i n g t h a t - t h e r e a l - t i m e monitoring of in vivo 
c h l o r o p h y l l f l u o r e s c e n c e l e v e l s might o f f e r a p o t e n t i a l 
" e a r l y - w a r n i n g " of an approaching f r o n t a l system. I t 
c o u l d a l s o a l l o w a course p a r a l l e l to the f r o n t to be 
followed <by n a v i g a t i n g along high or low f l u o r e s c e n c e 
r o u t e s ) without the n e c e s s i t y of c r o s s i n g the f r o n t i n 
order to l o c a t e I t s p o s i t i o n . 
The d i s c r e t e samples taken f o r pigment a n a l y s i s 
showed a low c o r r e l a t i o n between c h l o r o p h y l l a. 
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c o n c e n t r a t i o n and In vivo f l u o r e s c e n c e y i e l d . T h i s c o u l d 
have been due to a number of f a c t o r s , such a s d i f f e r e n c e s 
I n s p e c i e s composition between the two water masses, 
d i u r n a l v a r i a t i o n i n p h o t o s y n t h e t i c p r o c e s s e s , or to 
n u t r i e n t s t r e s s e s . 
T h i s low c o r r e l a t i o n p e r s i s t e d when the data were 
broken down i n t o e i t h e r d i f f e r e n t water masses or i n t o 
day-night subgroups. S i n c e i n s u f f i c i e n t samples were 
taken to d i v i d e the data i n t o day-night subgroups w i t h i n 
the 2 d i f f e r e n t water masses, the data must, t h e r e f o r e , be 
regarded a s q u a l i t a t i v e r a t h e r than q u a n t i t a t i v e . 
However, i t would appear t h a t i t i s the r e l a t i v e v a l u e s of 
c h l o r o p h y l l which are c r i t i c a l f o r t h i s study, not 
a b s o l u t e v a l u e s . 
3.4.5. S a t e l l i t e Imagery 
I n view of the f a i l u r e on the 10 November to l o c a t e the 
f r o n t i d e n t i f i e d the p r e v i o u s day i n the northwest of the 
survey area, i t was concluded t h a t the gyre must have 
moved i n a n o r t h - e a s t e r l y d i r e c t i o n . Subsequent a n a l y s i s 
of s a t e l l i t e IR imagery ( P l a t e 1 ) , however, i n d i c a t e d t h a t 
not only had the gyre s h i f t e d p o s i t i o n , but i t was I n the 
p r o c e s s of changing shape. 
UV and IR Images a t 1450 h, 7 November, show the i n f l u x 
of NAV f l o w i n g eastwards along the south c o a s t of Spain 
and then s o u t h e r l y a t 36*N, 4*V forming an a n t i c y c l o n i c 
gyre entrapping a warmer water mass. The gyre i s 
72 
approximately 150 km i n diameter Ceast-west) and about 100 
km i n a north-south dimension. By 1404 h, 11 B^ovember 
CPlate 1 ) , however, a s i g n i f i c a n t change had occured i n 
the c o n f i g u r a t i o n of the gyre, and i t had now assumed a 
dumb-bell shape, being now only about 35 km wide a t i t s 
narrowest point. 
P r o f i l e s 1-3 CIO ITov) had been taken i n the tongue of 
NAV which was to s p l i t the gyre i n t o two, with P r o f i l e 1 
being a t the boundary of what was to become the n o r t h e r n 
gyre. Had the survey continued i n a s o u t h e r l y d i r e c t i o n , 
then the tongue of NAV would have been c r o s s e d , and gyre 
water a g a i n encountered. 
The s a t e l l i t e photographs taken a t 1459 h on the 15 
November show t h a t the main gyre has e f f e c t i v e l y s p l i t 
i n t o two s m a l l e r gyres, the northern one having a diameter 
of about 60 km. Temperature g r a d i e n t s apppear to be l e s s 
d i s t i n c t than those i n the e a r l i e r s a t e l l i t e photographs. 
3.4.6. The Alboran B a s i n gyre - a s e a s o n a l anomaly? 
Ovchinnlkov e t al <1976) have argued t h a t t h i s gyre i s 
not a p e r s i s t e n t f e a t u r e of the Alboran B a s i n , but an 
anomaly c r e a t e d by unusual northwest winds during 
p a r t i c u l a r summers. Other workers CDonguy, 1962; Cheney, 
1977, 1978; Cheney & Doblar, 1962; Grousson & Faroux, 
1963; Lacombe e t a i . 1964; Stevenson, 1977> contend t h a t 
i t i s a p e r s i s t e n t f e a t u r e , a t l e a s t d u r i n g the l a t e 
s p r i n g and summer, r e g a r d l e s s of the p r e v a i l i n g wind 
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d i r e c t i o n . Data f o r other seasons i s l i m i t e d , but those 
t h a t do e x i s t (Cheney, 1978; Lucaya & D e C a s t i l l e J o . 1972> 
i n d i c a t e t h a t the gyre I s a normal f e a t u r e of the 
c i r c u l a t i o n p a t t e r n and p e r s i s t s throughout the year, 
along with a s e r i e s of a l t e r n a t i n g c y c l o n i c and 
a n t i c y c l o n i c g y r e s to the e a s t of the main a n t l c y c l o n l c 
gyre. The present study has shown t h i s gyre was 
d e t e c t a b l e I n November 1981, and t h e r e f o r e does not only 
occur i n the s p r i n g and summer months. I t has a l s o been 
de t e c t e d i n October by Cheney & Doblar (1982>, who a l s o 
recorded a d i s t i n c t s h i f t i n the p o s i t i o n of the gyre when 
comparing an i n i t i a l a e r i a l survey with shipboard 
measurements made over a 10 day period. 
Although the gyre i s , t h e r e f o r e , not a s e a s o n a l 
anomaly, a s suggested by Ovchinnikov e t a i . (1976), i t i s 
known t h a t l o c a l wind s t r e s s p l a y s an Important r o l e i n 
the t r a n s p o r t of A t l a n t i c water.through the S t r a i t s of 
G i b r a l t a r i n t o the Alboran B a s i n (Lacombe, 1971), with 
west winds c a u s i n g an I n c r e a s e i n s u r f a c e t r a n s p o r t , and 
e a s t e r l i e s a decrease. T h i s , together with the e f f e c t of 
atmospheric p r e s s u r e v a r i a t i o n s over the Mediterranean 
(Lacombe, 1961; Crepon, 1965) i s probably r e s p o n s i b l e f o r 
the observed s h i f t i n p o s i t i o n of the gyre, and the 
s p l i t t i n g of the main a n t i c y c l o n i c gyre i n t o the two 
s m a l l e r ones. 
- 74 
SECTION 4, 
4. SEASQHAL BASELIHES OF TSMPERATURE, SALINITY AHD CHL P 
AROUND THE UNITED KINGDOM. 
4.1. I n t r o d u c t i o n . 
4.2. Study area. 
4.3. September 1982 
4.4. November/December 1982 
4.5. A p r i l 1983 
4.6. June 1983 
4.7. J u l y 1983 
4.8. August 1983 
4.9. Summary of r e s u l t s . 
4.10. D i s c u s s i o n . 
75 
4. SEASQgAL BASELINES OF TEMPERATURE, SALINITY ATO CHL F 
AROUND THE UNITED KINGDOM. 
4.1. INTRODUCTION 
Most of the e a r l i e r s t u d i e s of f r o n t s <Cromwell & Reld, 
1956; Knauss, 1957; Voorhis & Hersey, 1964; Bang, 1973) 
were concerned p r i m a r i l y with the p h y s i c a l d e s c r i p t i o n and 
dynamics of f r o n t a l systems, w h i l s t t h e i r b i o l o g i c a l and 
chemical f e a t u r e s r e c e i v e d much l e s s a t t e n t i o n . T h i s 
s i t u a t i o n began to change i n the midL-1970s. with the s h e l f 
s e a f r o n t s around the UK beginning to a t t r a c t 
i n v e s t i g a t i o n . 
High c h l o r p h y l l l e v e l s have f r e q u e n t l y been reported a t 
these f r o n t a l r e g i o n s CPingree e t . a J . , 1978; Savidge, 
1976; Simpson e t . a i . , 1979). I t was thought t h a t these 
bands of high c h l o r o p h y l l were probably t r a n s i e n t 
f e a t u r e s , a s i n c r e a s e d phytoplankton production would l e a d 
to i n c r e a s e d g r a z i n g p r e s s u r e by zooplankton, and a 
consequent diminution of the phytoplankton papulation. 
The r e s u l t s of the su r v e y c a r r i e d out i n the Alboran 
B a s i n i n November 1981 ( S e c t i o n 3) showed t h a t changes i n 
c h l o r o p h y l l l e v e l s a l s o occured I n the v i c i n i t y of a deep-
sea f r o n t , and i n d i c a t e d t h a t these changes may occur i n 
advance of changes i n temperature. However, i t i s 
p o s s i b l e t h a t the changes i n Chi F which were seen a c r o s s 
the f r o n t between NAV and GW during t h i s p e r i o d were a l s o 
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a t r a n s i e n t f e a t u r e , s i n c e no h i s t o r i c a l data on 
c h l o r o p h y l l d i s t r i b u t i o n i n the Alboran B a s i n were 
a v a i l a b l e f o r comparison. 
I n June 1982, AMTE (Admiralty Marine Technology 
E s t a b l i s h m e n t ) Portsmouth were i n v i t e d t o p a r t i c i p a t e i n a 
survey of the Ushant f r o n t (AUVE T r i a l 611/81), i n order 
to provide b i o l o g i c a l and p h y s i c a l oceanographlc 
measurements I n support of other a s p e c t s of the t r i a l s 
programme (Aiken & Tay l o r , 1984). 
The r e s u l t s of the AMTE work demonstrated t h a t changes 
I n Chi F a l s o occurred i n advance of temperature and 
s a l i n i t y a t a s h e l f s e a f r o n t , with the changes observed 
i n Chi F a c r o s s the f r o n t o c c u r r i n g up to 4 mi l e s i n 
advance of temperature and s a l i n i t y changes (Jackson & 
Hughes, 1984). T h i s suggested the p o s s i b i l i t y t h a t high 
c h l o r o p h y l l l e v e l s were not, a f t e r a l l , a t r a n s i e n t 
f e a t u r e of f r o n t a l systems. I f t h i s were indeed the case, 
then the p o t e n t i a l of usin g c h l o r o p h y l l measurements a s a 
d e t e c t i o n method would be enhanced. 
Although the d i s t r i b u t i o n of c h l o r o p h y l l a. a t s h e l f s e a 
f r o n t s has a t t r a c t e d much a t t e n t i o n , s t u d i e s have been 
mostly c o n f i n e d to the summer months, when s t r a t i f i c a t i o n 
i s most pronounced. No s t u d i e s have been made of the 
sea s o n a l d i s t r i b u t i o n of c h l o r o p h y l l around the UK. 
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A s e r i e s of s u r v e y s was t h e r e f o r e undertaken I n order 
I n v e s t i g a t e whether changes i n Chi F were c o n s i s t e n t l y 
a s s o c i a t e d with temperature g r a d i e n t s i n the s h e l f s e a s 
around the UK, and to e s t a b l i s h s e a s o n a l b a s e l i n e s of 
temperature, s a l i n i t y and Chi F. 
These s u r v e y s I n v o l v e d the continuous monitoring of 
temperature, s a l i n i t y and Chi F a t 3m around the UK, u s i n g 
s h i p s of opportunity, f o r the p e r i o d September 1982 to 
August 1983. C o n c e n t r a t i o n s of c h l o r o p h y l l s a, iz, and 
phaeophytin a a r e presented i n d e t a i l ( f o r r e f e r e n c e ) only 
f o r November 1982 and June 1983, s i n c e the present s t u d y 
was concerned with r e l a t i v e , not abso l u t e , changes i n 
c h l o r o p h y l l l e v e l s . 
4.2. STUDY AREA 
A l l s u r v e y s were conducted along one or more of the 
f o l l o w i n g l e g s ( F i g u r e 10): 
(a) Portmouth to Rosyth 
(b> Rosyth to M i l f o r d Haven 
(c) M i l f o r d Haven to Plymouth 
(d) Plymouth to Portsmouth 




Saii5>llng transects for the period September 1982 to August 1983 
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4.3. SBPTEKBER 1962 
4.3.1. Guernsey to the Clyde 
F i g u r e 11 shows the d i s t r i b u t i o n of temperature, 
c o n d u c t i v i t y , Chi F and pH between Guernsey and Plymouth 
<0630-1400h 9 S e p t ) , and between Plymouth and the Clyde 
<1700h 9 Sept, - 1745h 10 S e p t . ) . 
Temperature v a r i e d from 14.1 to 18.0'C. F r o n t s c l e a r l y 
i n d i c a t e d were (1) between the L i z a r d and the S c l l l y I s l e s 
C2130h 9 September); (2) C e l t i c Sea f r o n t (2300h 9 
September); C3) I r i s h Sea f r o n t (llOOh 10 September). 
C a l i b r a t i o n problems were encountered with the P a r t e c h 
TSD-81, which r e g i s t e r e d s a l i n i t y a s v a r y i n g from 35.0 to 
39.6Z1, and havlngan I n v e r s e r e l a t i o n s h i p with temperature 
between Guernsey and Plymouth, and then broadly m i r r o r i n g 
the temperature p r o f i l e between Plymouth and the Clyde. 
Chi F v a r i e d from 50 to 200 t u s . with the h i g h e s t 
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Figure 11. September 1982. Guernsey to Plymouth: 0630-1400h 9 Sept., 
Plymouth to tHe Clyde: 1700h 9 Sept - 1745h 10 Sept, Distribution of 
(a) temperature C O , (b) conductivity, (c) Chi F (tus) and <d) pH at 
3m. 
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4.4. NOVEMBER/DECEMBER 1982 
T h i s survey was c a r r i e d out i n two l e g s : 
(1) . Portsmouth to Rosyth, 29-30 November 
(2) . Rosyth t o M i l f o r d Haven, 3-5 December 
4.4.1. Portsmouth to Rosyth ( F i g u r e s 12 &. 13) 
Temperature ranged from 6.0 to 11.4'C, being h i g h e s t i n 
the south (>10,0*C), then dropping to 7-8*C a t about 51*N, 
and remaining a t around t h i s l e v e l before f a l l i n g to 
minimum on approaching Rosyth. 
S a l i n i t y v a r i e d from 33.0 to 34.42., showing a s t r o n g 
p o s i t i v e c o r r e l a t i o n with temperature. 
Chi F v a r i e d from 3 to 13 t u s . with the hi g h e s t v a l u e s 
(>8 t u s ) a g a i n being a s s o c i a t e d w ith the re g i o n of 
sh a r p e s t temperature change. 
pH v a r i e d from 8.58 to 9.00 u n i t s , f a l l i n g from maximum 
to minimum along the temperature g r a d i e n t a t 51*N, where 
Chi F v a l u e s were i n c r e a s i n g . 
C h l o r o p h y l l a ranged from 0.2 to 1.5 mg m"=^ , 
c h l o r o p h y l l h from 0.0 to 0.3 mg m-^*, c h l o r o p h y l l a from 
0.0 to 0.3 mg m-^ , and phaeophytin A from 0.0 to 1.4 mg m~ 
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Figure 12. November 1982, Portsmouth to Rosyth: ISOOh 29 Hov - 0630h 
1 Dec. D i s t r i b u t i o n of (a) temperature C O , (b) s a l i n i t y <2.), (c) 
Chi F (tus) and (d) pH at 3m. 
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?4 0 0 12 00 2 1 0 0 
Figure 13. Hovember-1982, Portsmouth to Rosyth: ISOOh 29 Nov - 0630h 
1 Dec. D i s t r i b u t i o n of (a) chlorophyll a, (b) chlorophyll (c) 
chlorophyll Q and <d) phaeophytln A <mg m"^ ) at 3m. 
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4.4.2. Rosyth to K l l f o r d Haven ( F i g u r e s 14 & 15) 
Temperature ranged from 8.0 to 10.5*C» showing a more 
or l e s s steady I n c r e a s e along the t r a n s e c t . 
S a l i n i t y ranged from 32.5 to 34.5X», with the minimum 
v a l u e s o c c u r l n g between 56 and 57*N o f f the western 
S c o t t i s h c o a s t . . 
Chi F v a r i e d from 0.5 to 7 t u s , being h i g h e s t around 
Rosyth on the e a s t c o a s t . 
C h l o r o p h y l l A v a r i e d from 0.0 to 0.5 mg m-=^ . with one 
anomalous peak a t 1000 h on 4 December. C h l o r p h y l l s 22» s:^, 
and phaeophytln a ranged from 0.0-1.0, 0.0-0.4 and 0.0-1.0 
mg m-^* r e s p e c t i v e l y . 
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Figure 14. December 1962, Rosyth to Mlford Haven: 1200h 3 Dec. - IBOOh 
5 Dec. Distribution of (a) temperature C O , (b) s a l i n i t y (X.) and (c) 
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Figure 15. December 19S2» Rosyth to Mlford Haven: 1200h 3 Dec. - 1600h 
5 Dec. 'Distribution of <a) chlorophyll fl, <b) chlorophyll (c) 
chlorophyll c. and (d) phaeophytlp a. <nig m-^ *) at 3m. 
4.5. APRIL 1963 
T h i s s u r v e y was c a r r i e d out I n 3 l e g s : 
<1). Portsmouth to M i l f o r d Haven» 8-9 A p r i l . 
(2>. M i l f o r d Haven to Rosjrth, 12-13 A p r i l . 
C3>. Rosyth to Portsmouth, 13-15 A p r i l . 
4.5.1. Portsmouth to M i l f o r d Haven ( F i g u r e 16) 
Temperature ranged from 8.0 to 9.6*C, i n c r e a s i n g from 
minimum v a l u e s a t Portsmouth to around 9.0'C a t 2*V <2130 
h), and remaining a t around t h i s value u n t i l dropping to 
minimum aga i n on approaching M i l f o r d Haven. 
S a l i n i t y ranged from 32.0 to 34, 4Z,, remaining 
r e l a t i v e l y steady at around 34. OZ., then dropping to 
minimum on approaching M i l f o r d Haven. 
Chi F ranged from 6 to 60 tus, v a r y i n g from between 6 
to 16 t u s f o r most of the t r a n s e c t , and peaking to maximum 
(60 t u s ) a t 0800 h on 9 A p r i l , c o - i n c i d e n t with the drop 
i n both temperature and s a l i n i t y on approaching M i l f o r d 
Haven. 
C h l o r o p h y l l ^ v a r i e d from 0.21 t o 3.44 mg m-=^ . 
C h l o r p h y l l s 22» and phaeophytin a ranged, from 0.08-1.12. 
0.00-0.78 and 0.00-1.66 mg m-=^  r e s p e c t i v e l y . 
4.5.2. M i l f o r d Haven to Glen Mullen ( F i g u r e 16) 
Temperature ranged from 7.5 to 8.4'C, being f a i r l y 
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Figure 16. April 1983. Portsmouth to Hilford Haven: 1700h 8 April -
1200h 9 April; K l l f o r d Haven to Glen Mullen: 0830h 12 A p r i l - 0700h 13 
Apr i l . D i s t r i b u t i o n of <a) temperature (*C), <b) s a l i n i t y ( I ) , and 
<c) Chl F (tus) at 3m. 
f a l l i n g to around 7.5"C from 2230 h to the end of the 
t r a n s e c t . 
S a l i n i t y ranged from 30.2 to 33.42.» f a l l i n g s t e a d i l y to 
33.0%. a t around 2400h, then dropping s h a r p l y to minimum on 
approaching Glen Mullen. 
Chi F ranged from 6 to 94 tus, being f a i r l y c o n s t a n t a t 
around 10 t u s u n t i l 2400 h» when v a l u e s rose s h a r p l y to 
maximum, c o - i n c i d e n t with the f a l l i n s a l i n i t y . 
C h l o r o p h y l l a v a r i e d from 0.51 to 18.21 mg m~^ . 
C h l o r p h y l l s J2, and phaeophytin a. ranged from 0.10-1.8, 
0.00-3.35 and 0.0-4.36 mg m-=^  r e s p e c t i v e l y . 
4.5.3. Glen Mullen to Portsmouth ( F i g u r e 17) 
Temperature ranged from 7.4 to 9:8'C, remaining below 
8*C from 1700 h 13 A p r i l to 1130 h 14 April., then 
i n c r e a s i n g s t e a d i l y to maximum a t 1600h 14 A p r i l . 
Temperature dropped again to around 8*C on approaching 
Portsmouth. 
S a l i n i t y ranged from 30.2 to 34.5Z., being lowest a t 
Glen Mullen, then i n c r e a s i n g to = 33.02. a t 2330h 13 A p r i l 
and remaining a t around t h i s l e v e l to 1600h 14 A p r i l , when 
i t i n c r e a s e d to ^ 34.02.. 
Chi F ranged from 5 to 138 tus, with maximum v a l u e s a t 
the s t a r t of the t r a n s e c t C1700-2200h) a t Glen Mullen, co-
i n c i d e n t w ith the lowest s a l i n i t y l e v e l s . Another peak, 
again a s s o c i a t e d with temperature and s a l i n i t y changes, 
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Figure 17. A p r i l 1983. Glen'Mullen to Portsmouth: 1700h 13 A p r i l -
0830h 15 A p r i l . D i s t r i b u t i o n of (a) temperature <"C). <b) s a l i n i t y 
( L ) , and (c) Chl F (tus) at 3m. 
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C h l o r o p h y l l A v a r i e d from 0.04 to 20.82 mg nr^. 
C h l o r p h y l l s i , and phaeophytin a. ranged from 0.00-2.26, 
0.00-3.78 and 0.00-17.28 mg m-^* r e s p e c t i v e l y . 
4.6. JUHE 1983 
Portsmouth to Rosyth ( F i g u r e s 18 & 19) 
Temperature ranged from 10.6 to 16.1*C, dropping 
s h a r p l y from maximum <16.1'C) to 13.6*C a t the s t a r t of 
the t r a n s e c t , then r i s i n g to =14.0*C a t 1830h 27 June. 
Temperature remained a t around t h i s l e v e l u n t i l 0800h 28 
June, when i t dropped s t e a d i l y to 10.8"C a t 1430h 28 June, 
before i n c r e a s i n g again to 13.3'C a t 1930h, then dropping 
s t e a d i l y to minimum (10.6*C) a t Rosyth. 
S a l i n i t y ranged from 30.5 to 33.12,, being >32.02. from 
1600-2400h 27 June and from 1830-2230h 28 June. 
Chi F ranged from 6 to 88 tus, being below 25 t u s along 
most of the t r a n s e c t , but w i t h peaks a t 0600-0930h, 1300-
1330h and 1730-1800h 28 June. 
pH ranged from 8.1 to 8.5 u n i t s , being f a i r l y s t e a d y a t 
minimum from 1600h 27 June to 0200h 28 June. pH l e v e l s 
then peaked to maximum a t 0700h, c o - i n c i d e n t with the 
l a r g e peak i n Chi F, before d e c r e a s i n g t o 8.2 a t 1030h. 
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Figure 18. June 1983. Portsmouth to Rosyth: 1500h 27 June - 0200h 29 
June. Di s t r i b u t i o n of (a) temperature C O , <b) s a l i n i t y it), <c> 
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Figure 19. June 1983. Portsncuth to Rosyth: 1500h 27 June - 0200h 29 
June. D i s t r i b u t i o n of (a) chlorophyll A. (b) chlorophyll i , <c) 
chlorophyll c. and. <d) phaeophytin A Cmg nr®) at 3ni. 
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C h l o r o p h y l l A v a r i e d from 0.20 to 10.00 mg m-^ . 
C h l o r p h y l l s and phaeophytin a ranged from 0.00-4.00 
0.00-4.00 and 0.00-22.80 mg m"^  r e s p e c t i v e l y . 
4.7. JULY 1963 
4.7.1. Rosyth to M i l f o r d Haven Cl-4 J u l y ) 
Temperature, s a l i n i t y , Chl F and pH a t 3m f o r the p e r i o d 
leOOh 1 J u l y to 0700h 4 J u l y are shovm i n F i g u r e 20. 
Temperature ranged from 10.5 to 13.1*C, showing many 
f l u c t u a t i o n s , but with v a l u e s g e n e r a l l y being higher i n 
the l a t t e r p a r t of the t r a n s e c t . 
S a l i n i t y v a r i e d from 32.0 to 34.02. and. l i k e 
temperature, f l u c t u a t e d markedly along the t r a n s e c t . 
Chl F ranged from 5 to 30 tus, with changes i n Chl F 
a g a i n being a s s o c i a t e d w ith temperature g r a d i e n t s . pH 
ranged from 8.2 to 8.4 u n i t s . 
C h l o r o p h y l l A v a r i e d from 0.49 to 2.71 mg ffl-=^, 
C h l o r p h y l l s ht ^> and phaeophytin a. ranged from 0.00-2.43 
0.00-1.10 and 0.00-4.52 mg m-=^  r e s p e c t i v e l y . 
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Figure 20. July 1983. Rosyth to K i l f o r d Haven: 1600h 1 July - 0700h 4 
July. Distribution of (a) temperature C O , (b) s a l i n i t y ( I ) , <c) 
Chi F (tus) and (d) pH at 3iii. 
4.7.2. M i l f o r d Haven to Plymouth C6-7 J u l y ) 
Temperature, s a l i n i t y . Chi F and pH a t 3m f o r the 
per i o d 1700h 6 J u l y to 0700h 7 J u l y a r e shown i n F i g u r e 
21. 
Temperature ranged from 13.6 to 18.0*C, r i s i n g r a p i d l y 
from minimum a t 1700h to maximum a t 1930h 6 J u l y . The 
S c i l l y f r o n t i s c l e a r l y I d e n t i f i a b l e a t around 2400h. 
S a l i n i t y ranged from 31.7 to 34.32., a g a i n showing many 
f l u c t u a t i o n along the t r a n s e c t . 
Chi F ranged from 2 to 16 tus, with peaks a t 1700h, 
2300h 6 J u l y , and 0700h 7 J u l y , c o - i n c i d e n t with the 
sh a r p e s t temperature g r a d i e n t s . 
pH ranged from 8.2 to 8.4. C h l o r o p h y l l a. v a r i e d from 
0.31 to 2.36 mg m-^*. C h l o r p h y l l s and phaeophytin a 
ranged from 0.20-0.58, 0.22-0.79 and 0.00-0.77 mg m^® 
r e s p e c t i v e l y . 
4.7.3. Plymouth to Portsmouth (7-8 J u l y ) 
Temperature, s a l i n i t y , Chi F and pH a t 3m f o r the 
per i o d 2100h 7 J u l y to 0300h 8 J u l y a r e shown i n F i g u r e 
21. 
Temperature ranged from 14.7 to 17.7'C, with a sharp 
temperature g r a d i e n t a t 2400h 7 J u l y to 0130h 8 J u l y . 
S a l i n i t y ranged from 32.5 to 33.22., showing an I n v e r s e 
r e l a t i o n s h i p with temperature. 
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Figure 21, July 1983. Milford Haven to Plymouth: 1700h 6 July - 0700h 
7 July. Plymouth to Portsmouth: 2100h 7 July - 0300h 8 July. 
D i s t r i b u t i o n of (a) temperature C O , (b) s a l i n i t y ( t ) , (c) Chi F 
(tus) and (d) pH at 3m. 
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Chi F ranged from 4 to 8 t u s Cpeaking a t temperature 
g r a d i e n t s , even a t t h i s low l e v e l ) , and pH ranged from 8.2 
to 8.3. 
C h l o r o p h y l l A v a r i e d from 0.36 to 0.89 mg mr^^. 
C h l o r p h y l l s and phaeophytin A ranged from 0.24-0.37, 
0.28-0.43 and 0.00-0.53 mg wr^ r e s p e c t i v e l y . 
4,7.4. Portsmouth to W l l f o r d Haven <11-12, 17-18 J u l y ) 
F i g u r e 22 shows the d i s t r i b u t i o n of temperature, 
s a l i n i t y , Chi F and pH a t 3m from Portsmouth to M i l f o r d 
Haven C1800h 11 J u l y - 1030h 12 J u l y ) , and f o r the r e t u r n 
t r a n s e c t , M i l f o r d Haven to Portsmouth C1900h 17 J u l y -
0700h 18 J u l y ) . 
Temperature ranged from 13.8 to 19.8'C on the f i r s t 
t r a n s e c t , and from 14.2 to 21.9*C on the r e t u r n l e g . The 
Ushant f r o n t and the S c l l l y f r o n t were both d e t e c t e d on 
the f i r s t t r a n s e c t C2300h 11 J u l y , 0500h 12 J u l y ) . The 
S c i l l y f r o n t was a l s o d e t e c t e d on the r e t u r n l e g <2300h 17 
J u l y ) , but on t h i s t r a n s e c t the Ushant f r o n t was s k i r t e d , 
not c r o s s e d <0330h 18 J u l y ) . 
Chi F ranged from 2 to 21 t u s on the 11-12 J u l y , with 
peaks a s s o c i a t e d with the s h a r p e s t temperature g r a d i e n t s . 
On the r e t u r n l e g C17-18 J u l y ) , Chi F ranged from 2 to 52 
tus, with peaks a g a i n being a s s o c i a t e d with the 
temperature gr a d i e n t . 
pH ranged from 8.24 to 8.92 on the 11-12 J u l y with 
three major peaks a t 0030h, 0330h and 0600h on 12 J u l y . 
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Figure 22. July 1983. Portsmouth to Milford Haven: ISOOh 11 J u l y -
2230h 12 July. K l l f o r d Haven to Portsmouth: 1900h 17 J u l y to 0700h 18 
July. D i s t r i b u t i o n of (a) temperature C O , (b) conductiVit/- (c) 
Chl F (tus) and (d) pH at 3m. 
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On t h e r e t u r n l e g , pH r a n g e d from 8.22 t o 8.60. p e a k i n g a t 
2400h. 0130h, 0430h and 0630h 18 J u l y . 
On 11-12 J u l y c h l o r o p h y l l a v a r i e d f rom 0,30 t o 3.15 mg 
m-^. C h l o r p h y l l s i , and p h a e o p h y t i n a r a n g e d from 
0.19-0.56, 0.31-0.80 and 0.00-1.64 mg mr^ * r e s p e c t i v e l y . 
On t h e r e t u r n l e g , c h l o r o p h y l l a, v a r i e d f rom 0.30 t o 11.51 
mg m-^ *. C h l o r p h y l l s 22, and p h a e o p h y t i n a r a n g e d f r o m 
0,00-0.54, 0.30-2.23 and 0.00-6.01 mg m"^ r e s p e c t i v e l y . 
4.8. AUGUST 1963 
4.8.1.. P o r t s m o u t h t o M i l f o r d Haven <31 J u l y - 1 A u g u s t ) 
T e m p e r a t u r e r a n g e d f r o m 15.1 t o 19.4'C ( F i g u r e 2 3 ) , 
w i t h t h e U s h a n t f r o n t a t a r o u n d 1700h 31 J u l y and t h e 
S c i l l y f r o n t a t a r o u n d 2400h 31 J u l y , 
S a l i n i t y r a n g e d from 31,6 t o 33.5%., v a r y i n g between 
32.5 and 33.52^ from most o f t h e t r a n s e c t , t h e n d r o p p i n g t o 
minimum a t M i l f o r d Haven. 
C h i F r a n g e d f r o m 5 t o 22 t u s , p e a k i n g a t t h e 
t e m p e r a t u r e g r a d i e n t s . 
pH r a n g e d from 8.15 t o 8.22. 
C h l o r o p h y l l A v a r i e d f r o m 0.57 t o 4. 1 mg m-=^ . 
C h l o r p h y l l s 22, ^, and p h a e o p h y t i n A r a n g e d from 0.24-0.54, 
0.35-1.11 and 0.00-6.14 mg m-^ " r e s p e c t i v e l y . 
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F i g u r e 23. A u g u s t 1983. P o r t s m o u t h t o M l l f o r d Haven: 1 2 0 0 h 31 J u l y -
OeOOh 1 A u g u s t . M l l f o r d Haven t o R o s y t h : 1300h 5 Aug - 1 9 0 0 h 7 Aug. 
D i s t r i b u t i o n o f ( a ) t e m p e r a t u r e C O , ( b ) s a l i n i t y ( t ) , ( c ) C h i F 
<t u s ) a n d ( d ) pH a t 3m. 
4.6.2. M i l f o r d Haven t o R o s y t h C5-7 A u g u s t ) 
T e m p e r a t u r e r a n g e d f r o m 12.0 t o 16.9'C ( F i g u r e 2 3 ) , 
r e a c h i n g maximum a t 2100h 5 August, and minimum a t ISOOh 
<6 A u g u s t ) and 0600h (7 A u g u s t ) . 
S a l i n i t y r a n g e d f r o m 31.2 t o 33. I X i . b e i n g most v a r i a b l e 
f r o m 1300h 5 August t o a r o u n d 1200h 6 August. 
C h l F r a n g e d f r o m 2 t o 23 t u s . C h l o r o p h y l l a v a r i e d 
f r o m 0.25 t o 3.90 mg m-=^ . C h l o r p h y l l s 22, and 
p h a e o p h y t l n a. r a n g e d f r o m 0.00-2.39, 0.00-1.40 and 0.00-
2.00 mg m-^ " r e s p e c t i v e l y . 
4.6,3. R o s y t h t o P l y m o u t h t o P o r t s m o u t h <13-16 A u g u s t ) 
F i g u r e 24 shows, t e m p e r a t u r e , s a l i n i t y . C h l F and pH a t 
3m f r o m R o s y t h <1300h 13 A u g u s t ) t o Plymouth <0900h 15 
A u g u s t ) , and f r o m P l y m o u t h ClSOOh 15 A u g u s t ) t o P o r t s m o u t h 
<0800h 16 A u g u s t ) . 
T e m p e r a t u r e r a n g e d f r o m 12.2 t o 20.0'C, w i t h t h e l o w e s t 
v a l u e s o f f t h e n o r t h - e a s t o f S c o t l a n d , 
S a l i n i t y r a n g e d f r o m 31.0 t o 33.32.. w i t h one 
a n o m a l o u s l y h i g h r e a d i n g o f 36.02. a t 0030h on t h e 16 
August. 
C h l F r a n g e d f r o m 4 t o 32 t u s . C h l o r o p h y l l a. v a r i e d f r o m 
0.18 t o ' 2 . 9 6 mg m-®. C h l o r p h y l l s Ji, and p h a e o p h y t l n a 
r a n g e d f r o m 0,00-0.50. 0.00-1.19 and 0,00-3.6 mg m-^ * 
r e s p e c t i v e l y . 
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F i g u r e 24. A u g u s t 1963. R o s y t h t o P l y m o u t h : 1300h 13 Aug - 0900h 15 
Aug. P l y m o u t h t o P o r t s m o u t h : ISOOh 15 Aug - 0 6 0 0 h 16 Aug. 
D i s t r i b u t i o n o f ( a ) t e m p e r a t u r e C O , Cb) s a l i n i t y ( 1 ) , ( c ) C h i F 
( t u s ) a n d ( d ) pH a t 3m. 
4.9. SunnDary o f r e s u l t s . 
T a b l e s 1,2 and 3 g i v e a summary o f t h e r e s u l t s o f t h e 
above s u r v e y s : 
TABLE 1 
SuQBary of results for Portsoouth to Rosyth transects. 




Chi F (lus) 
pH 
Chlorophyll i (ag B">) 
Chlorophyll h. (ag n'^) 
Chlorophyll i (ig B ' ^ ) 
Phaeophytin i (ag B^') 
6.0-11.4 7.4-9.8 10.6-16.1 
33.0-34.4 30.2-34,5 30.5-33,1 
3-13 5-138 6-88 
8.58-9.00 8.10-8.50 
0.20-1.50 0.04-20.82 0,20-10,00 
0.00-0.30 0.00-2.26 0.00-4.00 
0.00-0.30 0.00-3.78 0.00-4.00 
0.00-1.40 0.00-17.28 0.00-22.80 
TABLE 2 
Suaaary of results for Portsoouth to Hilford Haven transects, 
flonth 
Range in: 
Tecperature C O 
Salinity (1) 
Chi F (tus) 
pH 
Chlorophyll i (ag B"*) 
Chlorophyll A (iig B'^) 
Chlorophyll £ (ag B"*) 
Phaeophytin i (ag a'^) 
it Conductivity) 
April 7-8 July 11-12 July 17-18 July August 
8.0-9.6 13.6-18.0 13.8-19.81 14.2-21.9 15.1-19,4 
32.0-34.4 31.7-34.3 38.4-45.Ot 39.4-47.Ot 31.6-33.5 
6-60 2-16 2-21 2-52 5-22 
8,27-8.38 8.24-8.92 8.22-8.60 8.15-8.22 
0.21-3.44 0.31-2.36 0.30-3.15 0.30-11.51 0.57-4.10 
0.08-1.12 0.20-0.58 0,19-0.56 0,00-0.54 0,24-0.54 
0.00-0.78 0.22-0.79 0.31-0.80 0.30-2,23 0.35-1.11 
0.00-1.66 0.00-0.77 0.00-1.64 0.00-6.01 0.00-6.14 
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TABLE 3 
Suaaary of results for Rosyth to flilford Haven transects, 
Ronth Septeiber Decenber April July August 
Range in: 12.0-16,9 Teeperature C O 14.1-18.0 8.0-10.5 7,5-8.4 10.5-14.1 
Salinity ( I ) 32.S-31.5 30.0-33,4 32.0-34.0 31.2-33.1 
Chi F (tus) 50-200 O.S-7 6-94 5-30 2-23 
pH 7.94-8,12 8,20-8.40 
Chlorophyll i (sg 0.00-0.SO 0.51-18.21 0.49-2.71 0.25-3.30 
Chlorophyll h (iig r ^ ) 0.00-1.00 0.10-1.80 0.00-2.43 0.00-2.39 
Chlorophyll £ (og a"^) 0.00-0,40 0,00-3,35 0.00-1,10 0.00-1.40 
Phaeophylin i (ng B"^) 0.00-1.00 0.00-4,36 0.0^4,52 0.00-2.00 
4.10. D i s c u s s i o n 
Vhen s t r a t i f i c a t i o n was a t I t s most pronounced, ( J u n e 
t o S e p t e m b e r ) , t h e r e s u l t s o f t h e s e a s o n a l s u r v e y s 
I n d i c a t e d t h a t c h a n g e s I n C h i F were c o n s i s t e n t l y 
a s s o c i a t e d w i t h t e m p e r a t u r e and s a l i n i t y g r a d i e n t s a t t h e 
s h e l f s e a f r o n t s a r o u n d t h e UK. T h e s e c h a n g e s I n C h i F 
were not, however, n e c e s s a r i l y c o - l n c l d e n t w i t h t h e 
t e m p e r a t u r e and s a l i n i t y g r a d i e n t s , b u t o f t e n a p p e a r e d t o 
p r e c e d e b o t h t h e t e m p e r a t u r e and s a l i n i t y r e s p o n s e . 
I t was e x p e c t e d t h a t d u r i n g t h e w i n t e r months (November 
and December), when t h e w a t e r column was w e l l - m i x e d , C h i F 
v a l u e s would be u n i f o r m l y low, r e f l e c t i n g low 
p h y t o p l a n k t o n p r o d u c t i v i t y , and g i v i n g a r e l a t i v e l y s t a b l e 
b a s e l i n e a r o u n d t h e UK. T h i s was f o u n d t o be t h e c a s e . 
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w i t h C h i F r a n g i n g from 0.5-13 t u s and c h l o r o p h y l l a. from 
0.0-1.5 mg m-^ . 
However, e v e n a t t h e s e l o w l e v e l s , C h i F showed s i m i l a r 
v a r i a t i o n s t o t h o s e s e e n f r o m June t o September. T h e s e 
c h a n g e s i n C h i F were, however, a s s o c i a t e d more w i t h 
c h a n g e s i n s a l i n i t y , due t o t h e s m a l l t e m p e r a t u r e 
d i f f e r e n t i a l s d u r i n g t h e w i n t e r months. 
T h e s e r e s u l t s i n d i c a t e t h a t t h e c h a n g e s I n c h l o r o p h y l l 
l e v e l s r e p o r t e d i n t h e v i c i n i t y o f s h e l f s e a f r o n t s (eg. 
S a v i d g e , 1976) d u r i n g t h e summer months a r e l i k e l y t o be 
c o n s i s t e n t , not t r a n s i e n t , f e a t u r e s , w h i c h a r e a l s o 
a s s o c i a t e d w i t h t e m p e r a t u r e and s a l i n i t y g r a d i e n t s a t 
o t h e r t i m e s of t h e y e a r . 
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Ag I]jrVESTIGATIQg IWTO CHANGES IN PHYSIO-CHEMICAL 
PARAMETERS ACROSS A SHELF SEA FRONT CUSHANT 1984) 
5,1. INTRODUCTION 
The p r e v i o u s s u r v e y s i n t h i s s t u d y d e m o n s t r a t e d t h a t 
c h a n g e s i n C h i F o c c u r i n t h e v i c i n i t y of b o t h a d e e p - s e a 
( S e c t i o n 3 ) and a s h e l f s e a f r o n t ( S e c t i o n 4 ) . B o t h 
s t u d i e s a l s o i n d i c a t e d t h a t a d i s t a n c e a d v a n t a g e may be 
g a i n e d by u s i n g s u r f a c e measurements of C h i F, r a t h e r t h a n 
t e m p e r a t u r e , i n t h e d e t e c t i o n o f t h e f r o n t . The s e a s o n a l 
s t u d i e s a l s o i n d i c a t e d t h a t pH c h a n g e s may a l s o be 
a s s o c i a t e d w i t h f r o n t a l r e g i o n s . 
A f u r t h e r s t u d y was t h e r e f o r e u n d e r t a k e n i n J u n e 1984 
i n o r d e r t o i n v e s t i g a t e t h e c h a n g e s I n t e m p e r a t u r e , C h i F. 
and pH a t 3m a c r o s s t h e Ushant f r o n t , and t o d e t e r m i n e i f 
t h e r a t e s o f change i n t h e s e p a r a m e t e r s on a p p r o a c h i n g a 
f r o n t c o u l d be u s e d a s a d e t e c t i o n method. 
F l u c t u a t i o n s i n t h e in vivo f l u o r e s c e n c e o f c h l o r o p h y l l 
a, have been shown t o v a r y w i t h e n v i r o n m e n t a l c o n d i t i o n s 
and s p e c i e s c o m p o s i t i o n ( B l a s c o . 1 9 7 3 ) . T h e s e f l u c t u a t i o n s 
a r e r e p o r t e d t o be e l i m i n a t e d when p h o t o s y n t h e t i c e l e c t r o n 
t r a n s p o r t i s b l o c k e d by DCMU C3- ( 3 , 4 d i c h l o r o p h e n y l ) - 1 , 1-
d i m e t h y l u r e a l a d d i t i o n . S l o v a c e k & Hannan (1977) 
t h e r e f o r e s u g g e s t e d t h a t DCMU-enhanced f l u o r e s c e n c e 
e m i s s i o n c o u l d be u s e d t o g i v e a more a c c u r a t e 
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d e t e r m i n a t i o n o f c h l o r o p h y l l a. c o n c e n t r a t i o n s . The 
e f f e c t s of DCMU a d d i t i o n on d i s c r e t e s a m p l e s were 
t h e r e f o r e i n v e s t i g a t e d i n o r d e r t o d e t e r m i n e whether t h i s 
would enhance t h e p o t e n t i a l of C h l F a s a d e t e c t i o n 
method. 
C h l o r o p h y l l measurements r e p r e s e n t o n l y one a s p e c t o f 
t h e biomass. D i s c r e t e s a m p l e s were t h e r e f o r e t a k e n t o 
i n v e s t i g a t e c h a n g e s i n ATP i n t h e w a t e r column a c r o s s t h e 
f r o n t , and t o d e t e r m i n e i f ATP b i o m a s s e s t i m a t i o n s a l s o 
showed p o t e n t i a l a s an a d v a n c e w a r n i n g t e c h n i q u e . 
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5.2, SURFACE MEASUREMENTS 
5.2.1. I n t r o d u c t i o n 
A s e r i e s o f c r o s s i n g s o f t h e f r o n t was made on t h e 13 
and 14 J u n e 1984 ( F i g u r e 25>. 
Th e s e r a n g e d f r o m s h o r t c r o s s i n g s of l e s s t h a n 5 m i l e s , 
where t h e f r o n t was c r o s s e d a l m o s t a t r i g h t a n g l e s , t o 
l o n g e r c r o s s i n g s where t h e s h i p s t e a m e d a l o n g t h e f r o n t 
f o r more t h a n 40 m i l e s , c r o s s i n g a t a v e r y s h a l l o w a n g l e . 
Between t h e s e two e x t r e m e s were a r e a s where t h e s h i p 
a p p a r e n t l y s t a r t e d t o c r o s s t h e f r o n t , b u t t h e n moved b a c k 
i n t o t h e o r i g i n a l w a t e r mass. T h e s e a r e a s where t h e s h i p 
a p p r o a c h e d t h e f r o n t , but d i d not c r o s s i t , a r e r e f e r e d t o 
i n t h e t e x t a s " s k i r t i n g s " . 
S i n c e t h e r e s u l t s o b t a i n e d f o r b o t h 13 J u n e and 14 J u n e 
were v e r y s i m i l a r , o n l y t h o s e f o r 13 J u n e w i l l be 
p r e s e n t e d i n d e t a i l . 
On t h e 13 June, SST ( F i g u r e s 26 & 2 7 ) showed t h a t t h e 
f r o n t was c r o s s e d 8 t i m e s C0700 t o OSOOh, 0900 t o 1000, 
1050 t o 1130, 1350 t o 1430, 1600 t o 1630, 1700 t o 1830, 
1900 t o 2100 and a t 2130 t o 2 2 3 0 h ) . and s k i r t e d on 10 
o c c a s i o n s . 
SST c hanged by >2'C a c r o s s t h e f r o n t , b e i n g i l 2 . 5 * C I n 
t h e mixed w a t e r , and r e a c h i n g a maximum o f 15.5*C i n t h e 
s t r a t i f i e d w a t e r . T h e s e t e m p e r a t u r e c h a n g e s were 
a s s o c i a t e d w i t h c h a n g e s i n b o t h C h i F and pH ( F i g u r e s 2 6 -









F i g u r e 2 5 . S h i p s t r a c k , 13 & 14 J u n e 1984. A l l t i m e s GMT, 
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F i g u r e 26. <a) T e m p e r a t u r e C O , C b l F ( t u s ) a n d ( b ) pH d i s t r i b u t i o n 
a c r o s s t h e U s h a n t f r o n t , 13 J u n e 1984. 
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F i g u r e 2 7 . <a) T e m p e r a t u r e ( X ) . C h i F ( t u s ) a n d <b) pH d i s t r i b u t i o n 
a c r o s s t h e U s h a n t f r o n t , 1 2 0 0 - 2 4 0 0 h 13 J u n e 1964. 
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w a t e r t o 100 t u s i n t h e s t r a t i f i e d w a t e r . pH r a n g e d from 
8.05 t o 8.30 pH u n i t s , a nd a l t h o u g h t h e s i g n a l was very-
n o i s y , v a l u e s were g e n e r a l l y h i g h e r i n t h e s t r a t i f i e d 
w a t e r . 
The s u r f a c e m o n i t o r i n g d a t a were s u b s e q u e n t l y r e c o r d e d 
on a BBC microcomputer, and t h e r a t e s of change i n e a c h 
p a r a m e t e r c a l c u l a t e d . B o t h a l a r m , and f a l s e a l a r m , r a t e s 
on a p p r o a c h i n g t h e f r o n t were t h e n d e t e r m i n e d f o r e a c h 
p a r a m e t e r , and t h e r e s u l t s compared. 
5.2.2. R a t e s of change i n s u r f a c e parameters.-
R a t e s o f change between d a t a p o i n t s ( w h i c h were 0.5 
m i l e s a p a r t ) were computed a s a p e r c e n t a g e o f t h e p r e v i o u s 
r e a d i n g . 
A " b e s t - f i t " s c e n a r i o was d e t e r m i n e d , whereby t h e 
h i g h e s t p e r c e n t a g e r a t e o f change was c a l c u l a t e d , f o r e a c h 
p a r a m e t e r , a t w h i c h t h e maximum number o f c r o s s i n g s o f t h e 
f r o n t were d e t e c t e d , r e g a r d l e s s of t h e number of f a l s e 
a l a r m s . T h e s e r a t e s a r e " r e p r e s e n t e d a s T l , C I and pHl i n 
F i g u r e s 28 - 31, and were found t o be. 0.5%, 10.0% and 0.4% 
r e s p e c t i v e l y . The s e n s i t i v i t y was t h e n i n c r e a s e d t o a 
p o i n t j u s t below t h a t a t w h i c h a l a r m s were f l a g g e d 
c o n t i n u o u s l y . T h e s e l e v e l s were 0.1% CT2), 5.0% (C2) and 
0.3% (pH2). A l a r m s were t h e n f l a g g e d f o r b o t h s e t s o f 
r e a d i n g s . 
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5.2.3. D e t e r m i n a t i o n o f a l a r m / f a l s e a l a r m r a t e s . 
The T2 <0.1%) r e a d i n g s were a l m o s t c o n t i n u o u s , making 
t h e s e p a r a t i o n o f a l a r m s d i f f i c u l t . T h e r e f o r e , where two 
o r more c o n s e c u t i v e a l a r m s were f l a g g e d , t h e a l a r m s a r e 
r e p r e s e n t e d a s a b l o c k , and t h e b l o c k t a k e n a s a s i n g l e 
a l a r m . A l a r m s were d e c l a r e d f a l s e i f t h e f l a g s r a i s e d 
were not i n p r o x i m i t y t o an a r e a o f • t e m p e r a t u r e change. 
R e s u l t s f o r t h e 1 3 t h June a r e s u m m a r i s e d i n T a b l e 4. 
However, t h e c o m p l e x i t y o f t h e d a t a i s n o t e v i d e n t f r o m 
t h e t a b l e , and c a n b e s t be I l l u s t r a t e d by t h e u s e of 
s p e c i f i c e x a m p l e s from 13 and 14 June. The r e m a i n d e r o f 
t h e r e s u l t s f o r 13 June a r e g i v e n i n Appendix 2. 
TABLE 4 
Summary of r e s u l t s obtained on 13 June 1984 
No. of Crossings 8 No. of S k i r t i n g s 10 
No. Crossings No, S k i r t i n g s No, F a l s e No. Detections in 
Detected Detected Alarms Advance of Tl 
Tl 8 9 0 
T2 8 10 12 15 
CI 8 10 0 14 
C2 8 10 3 16 
pHl S 3 4 3 
pH2 6 4 5 4 




Where CI and pHl f l a g alarms i n advance of T l . 
For the p e r i o d 0700 to 0900h, the number of alarms 
flagged a t each r a t e of change f o r each parameter a r e 
repr e s e n t e d d i a g r a m m a t i c a l l y i n F i g u r e 28'» and the r e s u l t s 
summarised below i n Table 5. 
TABLE 5 
13 June 1984, 0700 - 0900h 
Front Advantage over False 
Detected? Tl ( a i l e s ) Alaras 
Tl "Yes 0 
T2 Yes 5.0 i 
CI Yes 3.5 0 
C2 Yes 5.0 1 
pHl Yes 0,5 2 
pH2 Yes 0.5 3 
Vh'ere rates of change are Tl (0.5X), T2 (O.U); 
CI (lO.OX), C2 (5.0J); pHl (0.«), pH2 (0.3»). 
In t h i s example T2, CI, C2, pHl and pH2 a l l flagged 
alarms i n advance of T l . The h i g h e s t r a t e of f a l s e alarms 
was given by T2, and the lowest by CI and C2. 
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Figure 28. Alarm fl a g s r a i s e d by T l (0.5%), T2 (0.1%). CI (10%), C2 (5%), pHl (0.4%) 
and pH2 (0.3%) at crossing XI of the Ushant front, 13 June 1984. CI & pHl alarms 
flagged i n advance of T l . 
The d e s i g n a t i o n of an alarm as f a l s e can be d i f f i c u l t , 
a s can be seen from F i g u r e 28, where the m a j o r i t y of 
" f a l s e " alarms a r e a s s o c i a t e d with the s l i g h t temperature 
i n c r e a s e a t 0615h. 
Example 2. 
Vhere CI and pHl show no advantage over T l . 
Table 6 summarises the r e s u l t s f o r the p e r i o d 0830 to 
lOOOh ( F i g u r e 29). 
TABLE 6 




Tl ( a i l e s ) 
False 
AlarDS 
Tl Yes 0 
T2 Yes 1.5 3 
CI Yes 0.0 0 
C2 Yes 0.0 1 
pHI Yes 0.0 0 
pH2 Yes 1.5 0 
Where rates of change are Tl (0.51), T2 (O.U); 
CI (10.01), C2 (5.OX); pHl (O.U), pH2 (0.3X), 
T h i s c r o s s i n g i s an example where CI shows no advantage 
over temperature i n d e t e c t i n g the f r o n t . The d e s i g n a t i o n 
of a f l a g as a f a l s e a larm a g a i n poses problems: the T2 
alarms a r e flagged almost c o n t i n u o u s l y throughout the 
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Figure 29. Alarm f l a g s raised by T l (0.5%), T2 (0.1%), CI (10%), C2 ( 5 % ) , pHl (0.4%) 
and pH2 (0-3%) at crossing X2 of thfe Ushant front, 13 June 1984. T l , CI and pHl 
alarms flagged simultaneously. 
period; and the T2 and C2 alarms a t around lOOOh, which 
have been designated a s " f a l s e " i n the above t a b l e , might 
reaso n a b l y be taken a s warnings of the s k i r t i n g of the 
f r o n t which occured a t 1006h, and would t h e r e f o r e not be 
" t r u e " f a l s e alarms. 
Example 3. 
D e t e c t i o n of s k i r t i n g s of the f r o n t . 
The p e r i o d 1000 to 1200h, 13 June, covered two s k i r t i n g s 
and one c r o s s i n g of the f r o n t CSl. S2 & X3, F i g u r e 3 0 ) . 
The r e s u l t s are summarised i n Table 7. 
The f i r s t s k i r t i n g of the f r o n t ( S I ) was not d e t e c t e d 
by e i t h e r T l . pHl or pH2. I t was, however, c l e a r l y 
i n d i c a t e d ' by both CI and C2. S i n c e the T2 alarms a r e 
again flagged almost c o n t i n u o u s l y , the advantage gained by 
u s i n g T2 over T l cannot be c o n s i d e r e d a c c u r a t e . 
S2 was d e t e c t e d by both r a t e s of change f o r temperature 
and Chi F, but not by pH. 
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Figure 30. Alarm f l a g s r a i s e d by T l (0.5%), T2 (0.1%). CI <10X), C2 (5X), pHl (0.4%) 
and pH2 (0.3X) at s k i r t i n g s S I , S2. and crossing X3 of the Ushant front, 13 June 
1984. SI detected by C l , but not by T l & pHl. 
TftBLE 7 
13 June 198i, 1000 - 1200h. 
n _ T2 R C2_ pHl pH2 
SI d e t e c t e d ? No Yes Yes Yes No No 
Advantage over 
T l ( f l i i l e s ) 1.0 3.5 4.0 0.0 0.0 
S2 d e t e c t e d ? Yes Yes Yes Yes No No 
Advantage over 
T l ( o i l e s ) 2.0 1.0 1.5 0.0 0.0 
X3 d e t e c t e d ? Yes Yes Yes Yes Yes Yes 
Advantage over 
T l ( m i l e s ) 3.5 0.5 0.5 1.5 1.5 
F a l s e a l a r m s 0 0 0 0 0 0 
Where r a t e s of change a r e T l ( 0 . 5 X ) , T2 ( O . I X ) ; CI (10.OX), 
C2 (5.OX); pHl ( 0 . « ) , pH2 ( 0 . 3 X ) . 
Example 4 
T r a v e r s i n g the f r o n t a t a s h a l l o w angle. 
During the p e r i o d 0400 to OQOOh 14 June, a s i n g l e 
t r a n s i t of the f r o n t was made which covered a d i s t a n c e of 
over 40 m i l e s ( F i g u r e 3 1 ). Alarms a t both l e v e l s of 
s e n s i t i v i t y were flagged throughout the d u r a t i o n of the 
c r o s s i n g by both temperature and Chl F, with pH r a i s i n g 
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Figure 31. Alarm f l a g s r a i s e d by T l (0.5%), T2 (0.1%), CI (10%). C2 (5%), pHl (0.4%) 
and pH2 (0.3%) where the Ushant front was crossed at a shallow angle, 14 June 1984. 
5.3. VERTICAL STRUCTURE OF THE VATER CQLUICT ACROSS THE 
FRONT. 
5.3.1, I n t r o d u c t i o n 
I t has been shown t h a t the monitoring of Chl F can be 
used to d e t e c t the s u r f a c e p o s i t i o n of f r o n t a l systems, 
o f t e n i n advance of temperature. A study of a p o r t i o n of 
the Ushant f r o n t was t h e r e f o r e undertaken i n order, to^ 
i n v e s t i g a t e whether 
Ca) c h l o r o p h y l l l e v e l s could a l s o be used t o d e t e c t 
s u b s u r f a c e f r o n t s 
<b> ATP blomass e s t i m a t i o n s showed p o t e n t i a l a s a 
d e t e c t i o n technique 
<c> the e f f e c t s of DCMU a d d i t i o n on phytoplankton 
f l u o r e s c e n c e could enhance the e f f i c i e n c y of u s i n g 
Chl F a s a d e t e c t i o n method. 
The s u r f a c e p o s i t i o n of the f r o n t f o r the period 22 to 
27^ June 1984 was f i x e d by continuous monitoring of 
temperature and Chl F a t 3m (see Appendix 2 ) . 
A s e r i e s of depth p r o f i l e s a c r o s s the f r o n t along 
North/South and E a s t / V e s t t r a n s e c t s was planned i n order 
to I n v e s t i g a t e the v e r t i c a l and h o r i z o n t a l d i s t r i b u t i o n of 
temperature and Chl F. ATP biomass e s t i m a t i o n s and DCMU. 
a d d i t i o n w e r e a l s o c a r r i e d out on d i s c r e t e samples taken 
on the north/south t r a n s e c t s . 
T h i s t r i a l was c a r r i e d out i n a s s o c i a t i o n with ARE 
(Holton Heath). The I n vivo f l u o r e s c e n c e p r o f i l e s of 
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c h l o r o p h y l l a. were measured c o n t i n u o u s l y u s i n g the ARE 
Holton Heath m u l t i s e n s o r p r o f i l e system, and converted to 
mg m-^" of c h l o r o p h y l l a (Chi F') . 
P o s i t i o n s of the p r o f i l e s t a t i o n s are shown i n F i g u r e s 
32 & 39, with those marked 'H' comprising p a r t of the 
study being c a r r i e d out by ARE. 
5.3.2. gorth/South T r a n s e c t s . 
<a) D i s t r i b u t i o n of temperature and Chi F' a c r o s s the 
f r o n t . 
1s t T r a n s e c t ( S t a t i o n s 16 - 21). 
SST f e l l s t e a d i l y from north to soiith. w ith 
temperatures a t 0 to 80m ranging from 14.1-12.1'C a t 
s t a t i o n 16. and from 12.8-12.0'C a t s t a t i o n 21. 
The thermocllne a l s o weakened s t e a d i l y from north to 
south ( F i g u r e 33). S t a t i o n s 16, 17 and 18 were s t r o n g l y 
s t r a t i f i e d , but a t s t a t i o n 19 the thermocline (14-18ra) 
became weaker (12.0-13.3*C). At s t a t i o n 20 the 
thermocline weakened f u r t h e r (14-20m, 12.0-13.2*0, and by 
s t a t i o n 21 the water column was almost i s o t h e r m a l . 
The s u r f a c e monitoring data (Appendix 2) a l s o p l a c e d 
s t a t i o n s 19 & 20 on the f r o n t . 
Chi F* ( F i g u r e 33), Chi S and ATP (Appendix 2) were 
a l l more evenly d i s t r i b u t e d throughout the water column i n 
the mixed water mass a t s t a t i o n 21, but no major 
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Figure 32(a). North/south transects across the Ushant front. 
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Figure 33. Ushant front, 22 June 1984. Transect 1, p r o f i l e 
s t a t i o n s 16-21, Distribution of (a) temperature C O and. 
(b) Chl F' (mg m-=) with depth. 
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d i f f e r e n c e I n the d i s t r i b u t i o n of pH with depth was 
evident. 
2nd T r a n s e c t ( S t a t i o n s 22 - 27) 
SST a g a i n I n c r e a s e d towards the south of the t r a n s e c t , 
w ith temperatures a t 0 to 60m ranging from 13.8-11.9'C a t 
s t a t i o n 22, and from 12.8-12,0*0 a t s t a t i o n 27. The 
s u r f a c e monitoring programme I n d i c a t e d t h a t s t a t i o n s 22-25 
were i n s t r a t i f i e d water, 26 a t the f r o n t and s t a t i o n 27 
i n mixed water. The depth p r o f i l e data ( F i g u r e 34) 
however, I n d i c a t e d t h a t s t a t i o n s 22-24 were I n s t r a t i f i e d 
water, 25 and 26 were f r o n t a l , with s t a t i o n 27 being i n 
mixed water. 
Chl F* data ( F i g u r e 34) show an I n c r e a s e I n 
c h l o r o p h y l l above 20m a t s t a t i o n s 25-27, i n the well-mixed 
and f r o n t a l a r e a s . 
3rd T r a n s e c t ( S t a t i o n s 28 - 33) 
The continuous s u r f a c e monitoring i n d i c a t e s t h a t 
s t a t i o n 28 was I n s t r a t i f i e d water, 29 I n mixed, and 30-33 
I n s t r a t i f i e d . 
At s t a t i o n 28, the temperature over the water column 
ranged from 13.7-12,0*C, with a s t r o n g thermocline (13.5-
12.0*C) a t 16-23m ( F i g u r e 35). At s t a t i o n 29, i n the 
mixed water mass, the temperature range was 12.9-12.0'C, 
with a much weaker thermocline (12.8-12.0*0 at 21-25m. 
S t a t i o n 30 showed a r i s e i n s u r f a c e temperature (13.3'O, 
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Figure 34. Ushant front. 22 June 1984. Transect 2. p r o f i l e 
s t a t i o n s 22-27. D i s t r i b u t i o n of (a) temperature C O and, 
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Figure 35. Ushant front, 23 June 1984. Transect 3, p r o f i l e 
s t a t i o n s 28-33. Di s t r i b u t i o n of (a) temperature <'C) and, 
(b) Chl F* (mg ra-^> with depth. 
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<13.3-12. 0-C) a t I2-2O111. S t a t i o n 31 was f r o n t a l , t e n d i n g 
t o w a r d s s t r a t i f i e d , and s t a t i o n s 32 and 33 mixed. At 
s t a t i o n 33, however, t h e 80m t e m p e r a t u r e r o s e t o 12.2*C, 
t h e r e b y r e d u c i n g t h e t e m p e r a t u r e d i f f e r e n t i a l o v e r t h e 
w a t e r column. 
C h i F' v a l u e s ( F i g u r e 35) were <0.4 mg m"^ b e n e a t h t h e 
12'C i s o t h e r m t h r o u g h o u t . V a l u e s were h i g h e s t ( 0 . 2 1 - 0 . 9 2 
mg m~=') a t s t a t i o n 29 i n t h e mixed w a t e r , but were a l s o 
h i g h above 20m a t s t a t i o n s 28 (0.21 - 0.75 mg m-'^ )^ & 30 
(0.18-0.71 mg m-^"), f a l l i n g t o 0.19 - 0.35 mg m"^ a t 
s t a t i o n 31, t h e n i n c r e a s i n g s l i g h t l y t o 0.2 - 0.66 mg m-^ " 
a t s t a t i o n 32 ( p e a k i n g t o maximum a t t h e t h e r m o c l l n e ) . At 
s t a t i o n 33 t h e r a n g e i n C h i F* was 0.2 - 0.45 mg m-=^ . 
4 t h T r a n s e c t ( S t a t i o n s 34 - 38) 
C o n t i n u o u s s u r f a c e m o n i t o r i n g p l a c e d s t a t i o n s 34 & 35 
i n s t r a t i f i e d w a t e r and s t a t i o n s 36-38 on t h e f r o n t . The 
v e r t i c a l p r o f i l e d a t a ( F i g u r e 3 6 ) , however, shows t h a t 
a l t h o u g h SST a t s t a t i o n s 36-38 (13.5*C) was c o m p a r a b l e 
w i t h t h e f r o n t a l s t a t i o n s on t h e p r e v i o u s s u r v e y s , s t a t i o n 
36 was f r o n t a l , and s t a t i o n s 37 & 38 w e l l - m i x e d . The 80m 
t e m p e r a t u r e i n c r e a s e d from 12.2'C a t s t a t i o n 34, t o 15.5*C 
a t s t a t i o n 38. 
C h i F v a l u e s ( F i g u r e 3 6 ) were h i g h e r a l o n g t h i s 
t r a n s e c t t h a n i n t h e more n o r t h e r l y t r a n s e c t s . At s t a t i o n 
34. C h i F' r a n g e d from 0.23 - 0.92 mg m p e a k i n g a t t h e 
b a s e of t h e t h e r m o c l i n e (20m), d r o p p i n g t o t h e i r l o w e s t 










F i g u r e 36. Ushant f r o n t , 23 June 1964. T r a n s e c t 4, p r o f i l e 
s t a t i o n s 34-38. D i s t r i b u t i o n of (a) temperature C O and, 
(b) Chi F' ( ) w i t h depth. 
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s t i l l p e a k i n g a t t h e b a s e of t h e t h e r m o c l l n e ( I S m ) . At 
s t a t i o n 38, t h e r e was a marked i n c r e a s e i n C h i F', w i t h 
v a l u e s r a n g i n g from 0.18 - 1.44 mg m The h i g h e s t 
v a l u e s a l o n g t h i s t r a n s e c t were i n t h e upper 30m o f t h e 
mixed w a t e r mass from s t a t i o n 36 t o s t a t i o n 38, b e i n g 
c o n c e n t r a t e d a t 15-25m Cat a r o u n d t h e d e p t h o f t h e 
t h e r m o c l i n e i n t h e s t r a t i f i e d w a t e r ) . 
5 t h T r a n s e c t ( S t a t i o n s 39 - 43) 
SST f e l l f r om 13.9*C a t s t a t i o n 39 t o 13,4'C a t s t a t i o n 
41, r i s i n g a g a i n t o 13.5*C a t s t a t i o n 43. A l l o w i n g f o r 
t h e I n c r e a s e i n s u r f a c e t e m p e r a t u r e i n t h e mixed w a t e r , 
s e e n i n t h e p r e v i o u s t r a n s e c t , c o n t i n u o u s s u r f a c e 
m o n i t o r i n g p l a c e s s t a t i o n s 39 & 40 i n s t r a t i f i e d w a t e r , 
and 41-43 i n mixed. The v e r t i c a l p r o f i l e d a t a ( F i g u r e 
37) i n d i c a t e s t h a t s t a t i o n s 39 & 40 were s t r a t i f i e d ' and 
s t a t i o n 41 was becoming more mixed. S t a t i o n 42 showed a 
d e e p e n i n g of t h e s u r f a c e i s o t h e r m a l l a y e r , and a t s t a t i o n 
43 t h e t h e r m o c l l n e had s t r e n g t h e n e d a g a i n a t 14-22m, 
d e s p i t e t h e f a c t t h a t t h e i s o t h e r m s i n d i c a t e a mixed w a t e r 
mass. C h i F v a l u e s ( F i g u r e 37) were h i g h above 25m a t 
s t a t i o n s 39 & 40 i n t h e s t r a t i f i e d w a t e r , f a l l i n g a t 
s t a t i o n 41, and b e i n g v e r y much l o w e r a t s t a t i o n s 42 & 43 
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F i g u r e 37. Ushant f r o n t . 24 June 1984. T r a n s e c t 5, p r o f i l e 
s t a t i o n s 39-43. D i s t r i b u t i o n of (a) temperature C O and, 
(b) C h i (mg m-^) w i t h depth. 
1 3 5 -
Cb> D l s t r l b u t l Q T i of C h i F' , C h i S, l o g ATP and ph w i t h 
depth. 
The d i s t r i b u t i o n o f t e m p e r a t u r e . C h i F* . C h i S. Log ATP 
and pH a t 3m, 15. 24in. 30m and 50m f o r t h e f i v e t r a n s e c t s 
a r e p r e s e n t e d i n Appendix 2. 
At 3m, t e m p e r a t u r e r a n g e d f r o m 1 2 . 8 - 1 4 . I ' C , b e i n g 
h i g h e s t i n t h e s t r a t i f i e d w ater, but i n c r e a s i n g f rom 
=12.8'C i n t h e mixed w a t e r i n t h e n o r t h t o =13.5*C i n t h e 
mixed w a t e r a t t h e more s o u t h e r l y s t a t i o n s . At 15m. t h e 
t e m p e r a t u r e v a r i e d by >1.8'C. but showed no c o r r e l a t i o n 
w i t h t h e mixed o r s t r a t i f i e d w a t e r masses. At 20m t h e 
t e m p e r a t u r e was h i g h e r a t s t a t i o n s 36-43. T h i s t r e n d was 
more marked a t 30m and a g a i n a t 80m. a l t h o u g h t e m p e r a t u r e s 
were s l i g h t l y l o w e r a t s t a t i o n s 36-43 a t 80m. A g e n e r a l 
i n c r e a s e i n t h e t e m p e r a t u r e t h r o u g h o u t t h e w a t e r column i s 
s e e n i n t h e more s o u t h e r l y t r a n s e c t s . 
C h i a t 3m was h i g h e s t O 0 . 5 mg m-=^ ) a t s t a t i o n s 2 5 -
30 and 36-41, s h o w i n g no c o r r e l a t i o n w i t h e i t h e r t h e mixed 
o r s t r a t i f i e d w a t e r . At 15m, C h i F' a g a i n showed no 
c o r r e l a t i o n w i t h e i t h e r w a t e r mass, r e a c h i n g maximum 
c o n c e n t r a t i o n s < = : l . 1 mg m-=^ ) a t s t a t i o n 39. C h i F' a t 20m 
was h i g h e s t (=0.9 mg m-^ *) a t s t a t i o n s 25-29 and 33-40. At 
30m C h i F' <0.25-0. 40 mg m-=^ ) showed l i t t l e v a r i a t i o n , 
a l t h o u g h t h e r e was a s l i g h t i n c r e a s e a t s t a t i o n s 36-40. 
At 80m C h i F' was r e l a t i v e l y c o n s t a n t (.^0.2 rag m-=^). 
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C h i S a t 3iD v a r i e d t h r o u g h o u t t h e t r a n s e c t s ( 1 . 0 - 6 . 0 mg 
m~^)» s h o w i n g no c o r r e l a t i o n w i t h e i t h e r w a t e r mass, but 
was g e n e r a l l y l o w e r a t s t a t i o n s 32-43. At 15m, C h i S was 
a g a i n v a r i a b l e ( 1 . 3 - 4 . 5 mg m"^>, but was l o w e r a t s t a t i o n s 
34-42. T h i s t r e n d was c o n t i n u e d a t 20m. C h i S was v e r y 
v a r i a b l e on t r a n s e c t s 1 & 2, but l e s s v a r i a b l e on 
t r a n s e c t s 3-5, w i t h l e v e l s d e c r e a s i n g t o t h e s o u t h o f t h e 
s u r v e y a r e a and s h o w i n g no c o r r e l a t i o n w i t h e i t h e r w a t e r 
mass. 
Log ATP a t 3m. 15m & 20m showed no d i f f e r e n c e between 
mixed and s t r a t i f i e d , v a r y i n g from -6.0 t o -3.0, but on 
a v e r a g e , v a l u e s were l o w e s t on t r a n s e c t 3. At 30m, v a l u e s 
were h i g h e s t a t s t a t i o n s 21-25, l o w e s t a t s t a t i o n s 28-33 
( t r a n s e c t 3 ) and I n c r e a s e d a g a i n a t s t a t i o n s 37-43. At 
80m v a l u e s were g e n e r a l l y h i g h 0 - 4 . 5 ) , but f e l l a t 
s t a t i o n s 17-20 and 26-29. 
pH v a r i e d from 7.50- 8.10, and a t 3m was l o w e s t ( 7 . 6 0 -
7.90) s o u t h of s t a t i o n 29, but t h i s p a t t e r n was not e c h o e d 
a t 15m. At 20m v a l u e s were h i g h e s t ( 7 . 8 0 - 8 . 0 5 ) a t 
s t a t i o n s 16-29, i n c r e a s i n g a g a i n a t 33-42, t h e n d r o p p i n g 
a g a i n a t s t a t i o n 43. T h i s 20m p a t t e r n was r e p e a t e d a t 30m 
& 80m, a l t h o u g h no c o r r e l a t i o n c o u l d be found between pH 
and any o t h e r p a r a m e t e r s o r between pH and t h e mixed o r 
s t r a t i f i e d w a t e r , t h e o v e r a l l t r e n d b e i n g l o s t i n t h e 
n o i s e o f t h e s i g n a l . 
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<c) DCKU a d d i t i o n 
The r e s u l t s o f DCMU a d d i t i o n on In vivo c h l o r o p h y l l 
f l u o r e s c e n c e ( C h i F ) were not c o n s i s t e n t , e i t h e r between, 
o r w i t h i n w a t e r masses. Some t y p i c a l d e p t h p r o f i l e s o f 
C h i F (F-DCMU), DCMU-enhanced f l u o r e s c e n c e (F+DCMU), C h i 
F' ( c h l o r o p h y l l a. d e t e r m i n e d by f l u o r o m e t r i c methods) and 
C h i S ( c h l o r o p h y l l A d e t e r m i n e d by s p e c t r o p h o t o m e t r i c 
methods) a r e shown i n F i g u r e 38. 
At s t a t i o n 23 ( 1 5 2 0 h ) , i n s t r a t i f i e d w a t e r , t h e 
t h e r m o c l i n e ( 1 3 . 9 - 1 2 . 0 * 0 was a t 16-20m. A l t h o u g h DCMU 
a d d i t i o n e n h a n c e d f l u o r e s c e n c e e m i s s i o n i n a l l s a m p l e s , 
F+DCMU d i d not r e f l e c t C h i S l e v e l s any more a c c u r a t e l y 
t h a n d i d F-DCMU o r C h i F* . The e f f e c t s of DCIW a d d i t i o n 
were g r e a t e s t above t h e t h e r m o c l i n e a t 6-16m. 
At s t a t i o n 28 ( a l s o i n s t r a t i f i e d w a t e r ) , a t 0200h, t h e 
t h e r m o c l i n e ( 1 3 . 5 - 1 2 . 0 * 0 was a t 15-20m. At n i g h t , w i t h 
no p h o t o s y n t h e s i s t a k i n g p l a c e , i t was th o u g h t t h a t DCMU 
a d d i t i o n would have l i t t l e e f f e c t on f l u o r e s c e n c e 
e m i s s i o n . At 6m t h i s was i n d e e d t h e c a s e , w i t h F+DCMU and 
F-DCMU h a v i n g t h e same v a l u e , a l t h o u g h a t 10m F+DCMU was 
l o w e r t h a n F-DCMU. Below 10m, however, DCMU enh a n c e d 
f l u o r e s c e n c e i n a l l s a m p l e s . 
At s t a t i o n 29 ( 0 4 0 0 h ) , i n t h e mixed w a t e r mass, DCMU 
enha n c e d f l u o r e s c e n c e e m i s s i o n i n a l l s a m p l e s , a l t h o u g h 
t h e e f f e c t was g r e a t e s t a t 30m, and F+DCMU showed no 
g r e a t e r c o r r e l a t i o n w i t h C h i S t h a n d i d F-DCMU. 
At s t a t i o n s 32 <0920h, mixed w a t e r mass) and 36 (ISOOh, 
mixed w a t e r mass) F+DCMU and F-DCMU b o t h c o r r e l a t e d w e l l 
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F i g u r e 38. T y p i c a l p r o f i l e s of Chi F*, Chi S, F-DCMU and F+DCMU 
for mixed and s t r a t i f i e d water masses a c r o s s the Ushant f r o n t . 
w i t h C h i S. DCWU enh a n c e d f l u o r e s c e n c e a t most s a m p l e 
d e p t h s , t h e e x c e p t i o n s b e i n g a t 10m and 80ra a t s t a t i o n 32 
and a t 80m a t s t a t i o n 36. 
<d) T i d a l c o r r e c t i o n s 
An i n t e r e s t i n g f e a t u r e t o emerge I n t h i s s e r i e s o f 
BTorth - S o u t h t r a n s e c t s of t h e U s h a n t F r o n t I s t h e e f f e c t 
o f t i d a l motion on t h e p o s i t i o n of t h e f r o n t . The t i d a l 
c u r r e n t s i n t h i s a r e a p r o duce a k i d n e y - s h a p e d t i d a l 
e l l i p s e w h i c h i s a p p r o x i m a t e l y 7.7 m i l e s i n i t s l o n g e s t 
d i m e n s i o n , o r i e n t e d a l m o s t e a s t - west. F i g u r e 32<b) 
shows t h e p o s i t i o n o f t h e f r o n t r e l a t i v e t o t h e w a t e r 
m a s s e s when " t i d a l c o r r e c t i o n s a r e t a k e n i n t o a c c o u n t . 
The e f f e c t of t i d a l m otion d u r i n g t h e E a s t - V e s t 
t r a n s e c t s , w h i c h were t a k e n s l i g h t l y n o r t h and e a s t o f t h e 
f i r s t s e r i e s o f t r a n s e c t s had much l e s s e f f e c t on t h e 
p o s i t i o n o f t h e f r o n t , s i n c e t h e t i d a l e l l i p s e was much 
s m a l l e r , b e i n g o n l y 1 m i l e by 2.5 m i l e s , o r i e n t e d 
n o r t h e a s t - s o u t h w e s t . 
140-
5.3.3. E a s t / V e s t T r a n s e c t s ( F i g u r e 39) 
The s e r i e s of east/west t r a n s e c t s a c r o s s the f r o n t were 
taken on the 25 - 27 June. Temperature, Chi F and pH a t 
3m a r e shown i n Appendix 2. 
T r a n s e c t 1 ( S t a t i o n s H15 - 46, F i g u r e 40): 
SST rose s t e a d i l y from west to e a s t , from 14.4'C a t 
s t a t i o n HH15 to 14.9*C a t s t a t i o n 46, with the temperature 
a t 70m r i s i n g from 12.1*C to 13.2*C. r e s u l t i n g i n a 
gene r a l weakening of the g r a d i e n t a c r o s s the thermocllne 
(2.0-0.6*0 from west to e a s t . Sea s u r f a c e monitoring 
pl a c e d a l l s t a t i o n s i n mixed water. The v e r t i c a l p r o f i l e 
data, however i n d i c a t e d a degree of s t r a t i f i c a t i o n a t 
s t a t i o n s HH15 to 45, with s t a t i o n 46 becoming more w e l l -
mixed. However, s i n c e s t r a t i f i c a t i o n i s not as pronounced 
as t h a t found i n other t r a n s e c t s , t h i s water mass w i l l be 
r e f e r r e d to as the mixed water mass. 
Chi F' ranged from 0.11-0.48 mg m"^  a t s t a t i o n HH15 
(with a maximum a t 5-10m>, i n c r e a s i n g to 0.11-0.86 mg m"^  
a t s t a t i o n s 44 and 45. where v a l u e s were g e n e r a l l y h i gher 
throughout the top 30m of the water column, with the 
maxima a s s o c i a t e d with the s l i g h t s t r e n g t h e n i n g of 
thermocline. The d i s t r i b u t i o n of Chi F' a t s t a t i o n 46 was 
s i m i l a r to t h a t a t the western edge of the t r a n s e c t (0.11-





F i g u r e 39. E a s t / w e s t t r a n s e c t s of the Ushant f r o n t , 
25-27 June 1964. S h i p s t r a c k and p r o f i l e s t a t i o n s 
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F i g u r e 40. Ushant f r o n t , 25 June 1984. T r a n s e c t 1. p r o f i l e 
s t a t i o n s HH15 to 46. D i s t r i b u t i o n of (a) temperature C O and 
(b) Chi F* (mg m-=')'wlth depth. 
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T r a n s e c t 2 ( S t a t i o n s 49 - 53, F i g u r e 4 1 ) ) : 
The c o n t i n u o u s s u r f a c e m o n i t o r i n g d a t a (Appendix 2 ) 
I n d i c a t e d t h a t s t a t i o n 49 was i n s t r a t i f i e d w ater, H16 i n 
mixed, 50 was a t t h e f r o n t , 51 & 52 were i n s t r a t i f i e d 
w a t e r a g a i n , and s t a t i o n 53 was f r o n t a l . SST was h i g h e s t 
a t t h e w e s t e r n edge o f t h e t r a n s e c t (17.0-17.4*C a t 
s t a t i o n s 51 t o 53, d e c r e a s e d t o 14.4'C a t s t a t i o n 50, t h e n 
i n c r e a s e d a g a i n t o 16.3-16,5*C a t s t a t i o n s HH16 and 49. 
The 70m t e m p e r a t u r e f e l l from a p p r o x i m a t e l y 14.8*C a t 
s t a t i o n s 51 t o 53, t o 12.5*C a t s t a t i o n 50, t h e n r o s e 
a g a i n t o 14.4*C a t s t a t i o n s HH16 and 49 a t t h e e a s t e r n 
edge o f t h e t r a n s e c t . The v e r t i c a l p r o f i l e d a t a ( F i g u r e 
41) I n d i c a t e d t h a t s t a t i o n 49 was s t r a t i f i e d , H16 f r o n t a l , 
s t a t i o n 50 mixed, 51 f r o n t a l , and 52 8s 53 were s t r a t i f i e d 
a g a i n . 
C h i F' v a l u e s were h i g h e s t (1.10, 0.66 mg mr^) a t t h e 
two s t a t i o n s t o t h e west o f t h e c o l d w a t e r i n t r u s i o n 
( s t a t i o n s 51 & 5 2 ) , d e c r e a s i n g t o 0.10-0.42 mg m-=^  a t 
s t a t i o n 53 a t t h e w e s t e r n edge o f t h e t r a n s e c t . At 
s t a t i o n 50, i n t h e c o l d e r w a t e r mass, v a l u e s were v e r y low 
(0.10-0.29 mg m-=^), and a t t h e two s t a t i o n s e a s t of 
s t a t i o n 50 (HH16 & 4 9 ) , C h i F' d i s t r i b u t i o n was s i m i l a r t o 
t h a t i n t h e west, r a n g i n g f rom 0.10-0.42 mg m~=^ , w i t h t h e 
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F i g u r e 41. Ushant f r o n t , 25 June 1984. T r a n s e c t 2, p r o f i l e 
s t a t i o n s 49 to 53. D i s t r i b u t i o n of <a) temperature C O and 
(b) Chi (mg m-^ ") with depth. 
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T r a n s e c t 3 ( S t a t i o n s 54 - 59, F i g u r e 4 2 ) : 
The c o n t i n u o u s s u r f a c e m o n i t o r i n g d a t a i n d i c a t e d t h a t 
s t a t i o n 54 was i n s t r a t i f i e d w a t e r . 55 a t t h e f r o n t , 56 & 
57 were i n mixed wa t e r , and s t a t i o n s 58 & 59 were f r o n t a l . 
SST d e c r e a s e d from 17.0*C a t s t a t i o n 55 t o 14.8*C a t 
s t a t i o n 56, r i s i n g a g a i n t o 16.8*C a t s t a t i o n 59. No 
t e m p e r a t u r e d a t a a r e a v a i l a b l e f o r s t a t i o n s 54, 56 & 57. 
The v e r t i c a l p r o f i l e d a t a i n d i c a t e s t h a t 55 was i n 
s t r a t i f i e d w ater, 58 was f r o n t a l , becoming mixed, and 
s t a t i o n 59 was s t r a t i f i e d / f r o n t a l . 
C h i F' v a l u e s were r e l a t i v e l y h i g h above 20ra a t s t a t i o n 
54 CO.40-0.51 mg m-=^), f a l l i n g t o 0,10-0.35 mg m-^ " a t 
s t a t i o n 55. V a l u e s were l o w e s t a t s t a t i o n s 56 and 57 i n 
t h e mixed w a t e r (0.10-0.17 mg m-^"), r i s i n g s l i g h t l y t o 
0.10-0.25 mg m-=^  a t s t a t i o n 58, and were h i g h e s t a t 
s t a t i o n 59 (0.10-0.62 mg m-^"). where t h e r e was a p o o l o f 
h i g h c h l o r o p h y l l a t 10-25m. 
T r a n s e c t 4 ( S t a t i o n s 60-63, F i g u r e 4 3 ) : 
SST r o s e from 14.8'C a t t h e west o f t h e t r a n s e c t 
( s t a t i o n 6 3 ) t o 16.0*0 a t s t a t i o n 62, t h e n f e l l t o 15.0*0 
a t s t a t i o n 61. SST t h e n r o s e a g a i n t o 15.4*0 a t HH17, 
b e f o r e d r o p p i n g s l i g h t l y t o 15.2*0 a t s t a t i o n 60 a t t h e 
e a s t e r n edge of t h e t r a n s e c t . The v e r t i c a l p r o f i l e d a t a 
i n d i c a t e d t h a t s t a t i o n 63 was i n mixed wa t e r , HH18 & 
s t a t i o n 62 were i n s t r a t i f i e d , and s t a t i o n 61 was t e n d i n g 
t o w a r d s mixed a g a i n . At HH17, a l t h o u g h SST was l o w e r 












F i g u r e 42. Ushant f r o n t , 26 June 1984. T r a n s e c t 3, p r o f i l e 
s t a t i o n s 54 to 59. D i s t r i b u t i o n of (a) temperature C O and 











0 • 1 
1 1 r 
63 H l 8 62 6 1 
PROFILE STATIONS 
6 0 H 17 
F i g u r e 43. Ushant f r o n t , 26 June 1964. T r a n s e c t 4, p r o f i l e 
s t a t i o n s 60 to 63. D i s t r i b u t i o n of (a) temperature C O and 
(b) Chi F* (mg m-^) w i t h depth. 
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more pronounced. At the e a s t e r n end of the t r a n s e c t 
( s t a t i o n 6 0 ) , the water column was aga i n becoming more 
mixed. The s e a s u r f a c e monitoring programme, however, 
i n d i c a t e s t h a t the f r o n t was c r o s s e d 8 times on t h i s 
t r a n s e c t . 
Chi F' was very low CO. 05-0. 19 mg m-=^ ) a t the western 
end of the t r a n s e c t ( s t a t i o n s 61-63), but a t the e a s t e r n 
end ( s t a t i o n s HH16 & 60) v a l u e s were very much higher 
(0.1-1.75 mg m-^-). with a pool of high c h l o r o p h y l l a t 15-
25m. Chi F' was a l s o high a t the s t a t i o n s immediately 
north and south of s t a t i o n 60. 
Tr a n s e c t 5 ( S t a t i o n s 64-69, F i g u r e 44): 
SST a t the western end of the t r a n s e c t ( s t a t i o n 64) was 
15.4*C, f a l l i n g to 15.0*C a t s t a t i o n s 65 and 66, then 
r i s i n g again to 15.3*C a t s t a t i o n s 67 to-'69. Despite the 
higher SST a t s t a t i o n 64, the water column was almost a s 
well-mixed a s a t s t a t i o n s 65 and 66. S t a t i o n s 67 to 69 
were a l l i n s t r a t i f i e d water, with s t r a t i f i c a t i o n becoming 
more pronounced a t the e a s t e r n end of the t r a n s e c t . 
Chi F* a t s t a t i o n 64 ranged from 0.11-0". 37 mg m-'-^, 
being 0.11 mg m"-=^  (minimum) from 0-6m, then i n c r e a s i n g to 
maximum (0.37 mg m-^ ") at 16-30m, below the base of the 
thermocllne, and remaining constant a t around 0.25 mg m-=^  
from 40-70m. At s t a t i o n s 65-67, v a l u e s were very low 
throughout the water column ($0.13 mg mr^), i n c r e a s i n g 
s l i g h t l y (0.10-0.29 mg m"=^ ) a t s t a t i o n 68, but were very 
much higher a t s t a t i o n 69 (0.13-0.98 mg m-=^ ) , with a pool 
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F i g u r e 44. Ushant f r o n t , 27 June 1984. T r a n s e c t 5. p r o f i l e 
s t a t i o n s 64 to 69. D i s t r i b u t i o n of <a) temperature C O and 
<b) Chi F* (mg m-^ ") w i t h depth. 
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of high c h l o r o p h y l l a s s o c i a t e d with the base of the 
thermocline a t 14-20in. 
T r a n s e c t 6 ( S t a t i o n s 70-73, F i g u r e 45): 
SST decreased from 15.8'C a t the western end of the 
t r a n s e c t ( s t a t i o n 73) to 15.3'C a t s t a t i o n 72. i n c r e a s i n g 
again to 15.8*C a t s t a t i o n 71, then d e c r e a s i n g s l i g h t l y to 
15.6'C a t s t a t i o n 70 i n the e a s t . The v e r t i c a l p r o f i l e 
data i n d i c a t e d t h a t s t a t i o n 73 was f r o n t a l , s t a t i o n 72 
mixed, s t a t i o n 71 was i n s t r a t i f i e d water (with the 
development of a s u r f a c e isothermal' l a y e r ) , and t h a t a t 
s t a t i o n 70, a t the e a s t e r n end of the t r a n s e c t , the water 
column was again becoming more mixed. 
Chi F* was very low (0.10-0.18 mg m-^ > a t s t a t i o n s 73 
and 72 ( i n the west). Values a t s t a t i o n s 71 and 70 were 
s l i g h t l y higher, ranging from 0.10-0.37 rag m-=^ , with a 
pool of c h l o r o p h y l l O0.3 mg m-^ *) a s s o c i a t e d with the 
















72 7 1 70 
PROFILE STATIONS 
F i g u r e 45. Ushant f r o n t , 27 June 1984. T r a n s e c t 6, p r o f i l e 
s t a t i o n s 70 to 73. D i s t r i b u t i o n of (a) temperature C O and 
(b) Chi F* (mg m-^ *) with depth. 
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5.4. SATELLITE DATA 
I n f r a - r e d <IR) s a t e l l i t e imagery from TIROS N-7, where 
the darkness of the image I n c r e a s e s i n prop o r t i o n to the 
r a d i a t i o n temperature CPlates 2 to 6 ) , I l l u s t r a t e s the 
movement of the Ushant f r o n t about i t s mean p o s i t i o n f o r 
the p e r i o d 8 to 28 June 1984. 
At 1433 GMT 8 June <Plate 2> the f r o n t i s very c l o s e to 
the French co a s t , with f i n g e r - l i k e p a t t e r n s produced by 
b a r o c l l n i c i n s t a b i l i t i e s which more u s u a l l y r e s u l t i n the 
formation of f r o n t a l eddies. 
By 0807 GKT 9 June ( P l a t e 3 ) , however, the f r o n t has 
moved f u r t h e r o f f the French co a s t , with a pool of warm 
water evi d e n t to the west of Guernsey. 
At 1435 16 June ( P l a t e 4 ) , t h r e e days a f t e r Kean High 
Water S p r i n g (MHWS) t i d e , when t i d a l mixing p r o c e s s e s a r e 
at t h e i r most i n t e n s e , the f r o n t has moved s i g n i f i c a n t l y . 
I t i s now much f u r t h e r o f f the French c o a s t , almost l e v e l 
with Guernsey. However, due to cloud cover, i t cannot be 
d i s c e r n e d whether the warm water f e a t u r e which had 
developed o f f Guernsey on 9 June i s s t i l l e vident. 
The f r o n t was h a r d l y d e t e c t a b l e by IR imagery f o r the 
pe r i o d 17 to 27 June (when the depth p r o f i l e s were taken) 
due to s e a mist and more gen e r a l cloud cover, but by 1529 
153 
GMT 28 June ( P l a t e 5) the f r o n t i s almost a s c l o s e to the 
French c o a s t a s i t was on 8 June, with the ' f i n g e r i n g * now 
extending to the south and west of Guernsey. By 1516 GMT 
29 June ( P l a t e 6 ) . t h i s ' f i n g e r i n g ' has developed i n t o a 
much l a r g e r — s c a l e f e a t u r e , and the f r o n t has again moved 
f u r t h e r o f f the French c o a s t . 
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PLATE 2. 
TIROS ir-7 <a> v i s i b l e and Ob) I n f r a r e d images of the 
Ushant f r o n t , 8 June 1984. Received and enhanced by the 
U n i v e r s i t y of Dundee. 
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P L A T E 2 
PLATE 3. 
TIROS ir-7 (a) v i s i b l e and (b) i n f r a r e d images of the 
Ushant f r o n t , 9 June 1984. Received and enhanced by the 
U n i v e r s i t y of Dundee. 
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P L A T E 3 
PLATE 4. 
TIROS ir-7 (a) v i s i b l e and (b) i n f r a r e d images of the 
Ushant f r o n t , 16 June 1984. Received and enhanced by 
the U n i v e r s i t y of Dundee. 
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P L A T E 4 
PLATE 5. 
TIROS B'-7 (a) v i s i b l e and (b) I n f r a r e d Images of the 
Ushant f r o n t , 28 June 1964. Received and enhanced by 
the U n i v e r s i t y of Dundee. 
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P L A T E 5 
PLATE 6. 
TIROS ir-7 <a) v i s i b l e and <b) i n f r a r e d images of the 
Ushant f r o n t , 29 June 1984. Received and enhanced by 
the U n i v e r s i t y of Dundee. 
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PLATE 6 
5.5. DISCUSSION 
5.5.1. Rates of change I n s u r f a c e parameters 
5.5.1. C1> Temperature, 
On 13 June, a 0.5% r a t e of change i n temperature CTl) 
de t e c t e d a l l 8 c r o s s i n g s of the f r o n t , but only 9 of the 
10 s k i r t i n g s , with no f a l s e alarms. 
When the s e n s i t i v i t y was r a i s e d t o a r a t e of change of 
0.1% <T2), 50% of the t o t a l number of alarms flagged by T2 
occurred i n advance of T l . At t h i s lower r a t e of change, 
40% of a l l f l a g s r a i s e d by T2 were designated a s f a l s e 
s i n c e they d i d not occur i n a r e g i o n of temperature 
change. 
However, i f the number of f a l s e alarms r a i s e d by T2 i s 
disregarded, then the percentage of f l a g s r a i s e d i n 
advance of T l r i s e s t o 83%. 
The high r a t e of T2 f a l s e alarms was due t o the f a c t 
t h a t alarms were flagged almost c o n t i n u o u s l y . I t i s 
t h e r e f o r e p o s s i b l e t h a t some of the alarms counted a s 
o c c u r r i n g i n advance of T l were not " t r u e " alarms, but 
merely a f u n c t i o n of the high r a t e of f l a g g i n g . I f t h i s 
i s the c a s e then the r a t e of f a l s e alarms r a i s e d by T2 
must be much higher than the esti m a t e d 40%, and t h i s c o u l d 
a l s o s i g n i f i c a n t l y reduce the d i s t a n c e advantage of 1 to 5 
m i l e s g i v e n by T2 over T l . 
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5.5.1. < i l ) Chi F. 
At a r a t e of change of 10.0% CCD. Chi F detected 100% 
of a l l c r o s s i n g s and s k i r t i n g s , 78% of the d e t e c t i o n s 
being i n advance of T l (by 0.5 to 2.0 m i l e s ) , with no 
f a l s e alarms. 
When the s e n s i t i v i t y was r a i s e d to a r a t e of change of 
5.0% <C2) a l l c r o s s i n g s and s k i r t i n g s were again detected, 
with 76% of the alarms being r a i s e d i n advance of T l and 
the d i s t a n c e advantage i n c r e a s i n g to 0.5 to 5,0 m i l e s . 
T h i s f a l l i n the percentage of alarms flagged before T l 
was due to an i n c r e a s e i n the f a l s e a larm r a t e to 14%. I f 
the number of f a l s e alarms i s d i s r e g a r d e d , however, the 
percentage of f l a g s r a i s e d i n advance of T l r i s e s to 89%. 
As i n the case of T2, the d e s i g n a t i o n of alarms a s 
f a l s e i s a g a i n d i f f i c u l t , but f o r d i f f e r e n t reasons. For 
example, the C2 alarm a t approximately 0815h, 13 June 
( F i g u r e 28), has been de s i g n a t e d a s f a l s e a s i t does not 
occur i n proximity to a w e l l - d e f i n e d c r o s s i n g or s k i r t i n g 
of the f r o n t . I t i s , however, a s s o c i a t e d with a very 
s l i g h t temperature v a r i a t i o n which was not d e t e c t e d by T l , 
and could, t h e r e f o r e , e q u a l l y w e l l be taken to be an 
i n d i c a t i o n of the proximity of another water mass, r a t h e r 
than a f a l s e alarm. 
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5.5.1. C i i i ) pH. 
pHl <0.4%> de t e c t e d 63% of the c r o s s i n g s and 30% of the 
s k i r t i n g s , the f a l s e alarm r a t e being 33%, with 25% of the 
d e t e c t i o n s o c c u r r i n g 0.5 to 1.5 m i l e s I n advance of T l . 
pH2 <0.3%) d e t e c t e d 75% of c r o s s i n g s and 40% of 
s k i r t i n g s , with a f a l s e a l a r m r a t e of 33%. The percentage 
of alarms r a i s e d i n advance of T l rose s l i g h t l y to 27%, 
and the d i s t a n c e advantage i n c r e a s e d to 0.5 to 2.0 m i l e s . 
I n c r e a s i n g the s e n s i t i v i t y of t h i s parameter by 
lowering the r a t e of change below 0.3% d i d not improve the 
percentage of d e t e c t i o n s , but merely r e s u l t e d I n an 
I n c r e a s e i n the f a l s e a larm r a t e , . 
5.5.1. <iv> F a l s e Alarms 
As p r e v i o u s l y s t a t e d , the d e s i g n a t i o n of any s i n g l e 
alarm, or block of c o n s e c u t i v e alarms, a s f a l s e was 
sometimes d i f f i c u l t . Consequently, the f i g u r e s quoted 
must c o n t a i n a high degree of s u b j e c t i v i t y . 
I n the case of temperature, d e c r e a s i n g the r a t e of 
change ( i . e . i n c r e a s i n g the s e n s i t i v i t y ) r e s u l t e d i n an 
apparent i n c r e a s e i n the d i s t a n c e advantage gained. 
- 162 -
However, a s the s e n s i t i v i t y was i n c r e a s e d , f l a g s were 
r a i s e d a t almost every data point, g i v i n g r i s e to a high 
r a t e of f a l s e alarms ( 5 0 % ) . Therefore, some of the alarms 
o c c u r r i n g i n a r e g i o n of temperature change must a l s o be 
suspected of being f a l s e alarms. T h i s would o b v i o u s l y 
a f f e c t the apparent d i s t a n c e advantage g i v e n by T2 over T l 
a s the percentage of a l a r m s i n advance of T l would be 
lowered because of the i n c r e a s e i n f a l s e alarms. 
The problem of c l a s s i f y i n g the f l a g s r a i s e d by the r a t e 
of change i n Chi F (CI and C2) was, however, of a 
d i f f e r e n t nature from t h a t a f f e c t i n g the temperature data. 
I n t h i s case, the d i f f i c u l t y of d e s i g n a t i n g alarms a s 
" r e a l " or " f a l s e " arose from the f a c t t h a t both CI and C2 
flagged alarms i n a r e a s where .Tl d i d not d e t e c t any major 
temperature change. However, on the m a j o r i t y of o c c a s i o n s 
when t h i s occurred, alarms were a s s o c i a t e d with very 
s l i g h t temperature changes, an example of which was 
d i s c u s s e d above. These f l a g s may t h e r e f o r e not i n f a c t be 
" f a l s e " alarms a t a l l , but an i n d i c a t i o n of the p r o x i m i t y 
of a f r o n t which has not, as yet, been d e t e c t e d by 
temperature. 
T h i s would appear to be a l i k e l y i n t e r p r e t a t i o n , s i n c e 
the r e s u l t s f o r CI I n d i c a t e a high percentage (78%) of . 
d e t e c t i o n s o c c u r r i n g i n advance of T l . 
Vhen the s e n s i t i v i t y was I n c r e a s e d to a r a t e of change 
of 5.0% (C2), the number of d e t e c t i o n s i n advance of T l 
f e l l s l i g h t l y to 76% due to the apparent i n c r e a s e i n the 
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f a l s e alarm r a t e from 0 to 14%. However, i f some of th e s e 
alarms a r e not i n f a c t f a l s e , but are warnings of a nearby 
f r o n t a l system, then the a c t u a l f a l s e a larm r a t e would be 
lower. The e f f i c i e n c y of u s i n g the r a t e of change i n Chi 
F to g i v e advance warning of an approaching f r o n t a l r e g i o n 
would, t h e r e f o r e , be enhanced by u s i n g the lower, more 
s e n s i t i v e r a t e of change. 
In the case of pH, i n c r e a s i n g the s e n s i t i v i t y from a 
r a t e of change of 0.4% to 0.3% r a i s e d the d e t e c t i o n r a t e 
of c r o s s i n g s from 63 to 75%. and of s k i r t i n g s from 30 to 
40%, but d i d not i n c r e a s e the r a t e of f a l s e alarms. 
As with CI and C2, some of the f a l s e alarms were 
a s s o c i a t e d with s l i g h t temperature changes which were not 
d e t e c t e d by T l (e.g. 0815h 13 June. .Figure 28), and the 
same arguments as to whether these alarms should be 
c a t e g o r i s e d a s r e a l or f a l s e must be a p p l i e d . 
However, pHl and pH2 f l a g g e d f a r fewer alarms i n 
advance of T l , with a much higher f a l s e a larm r a t e , than 
d i d CI and C2. Also, I f ' the s e n s i t i v i t y of the r a t e of 
change i n pH was r a i s e d beyond 0.3%, .alarms were fl a g g e d 
i n what appeared to be a random p a t t e r n , bearing l i t t l e 
r e l a t i o n to e i t h e r l a r g e or s m a l l v a r i a t i o n s i n 
temperature. On these grounds, t h e r e f o r e , the argument 
t h a t some of the alarms designated as f a l s e are a c t u a l l y 
i n d i c a t i o n s of the proximity of another water mass, would 
not appear to be a s s t r o n g f o r pH as f o r Chi F. 
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5.5.2. Depth P r o f i l e s 
5.5.2.<1) Temperature and Chi F' a c r o s s the f r o n t 
The Horth/South t r a n s e c t s ( F i g u r e 32: 49*N, 3"45'W; 
49*25'N, 4*V) showed a t r a n s i t i o n from s t r a t i f i e d t o w e l l -
mixed water, with both SST, and the temperature 
d i f f e r e n t i a l over the water column (0-60m), d e c r e a s i n g to 
the south of the survey area. 
On t r a n s e c t 1 ( F i g u r e 33), the hi g h e s t Chi F' v a l u e s 
(0.6-0.8 mg m-^) were a s s o c i a t e d with the thermocline 
(=:20m) a t the most s t r o n g l y s t r a t i f i e d s t a t i o n a t the 
north of the t r a n s e c t ( s t a t i o n 16). 
On t r a n s e c t 2 ( F i g u r e 3 4), the Chi F* maximum (0.6-0.8 
mg m-^ ") was a t 0-20m a t the mixed and f r o n t a l s t a t i o n s , 
and on t r a n s e c t 3 ( F i g u r e 35)Chl F* v a l u e s were h i g h e s t 
(0.6-1.0 mg m~^) a t 0-20m i n the mixed water a t s t a t i o n 
29, f a l l i n g to a maximum of 0.4-0.6 mg m-^" a t s t a t i o n s 32 
and 33 ( a l s o i n the mixed water mass). 
On t r a n s e c t 4 ( F i g u r e 36), however, high Chi F' l e v e l s 
(0.6-1.2- mg m"^) were found a t around 20m i n both the 
s t r a t i f i e d and mixed water masses ( s t a t i o n s 34, and 36-
38), but were not c o n s i s t e n t throughout the t r a n s e c t , 
f a l l i n g to 0.4-0.6 mg m"^  a t 20m a t s t a t i o n 35 i n the 
s t r a t i f i e d water. 
Chi F' v a l u e s on t r a n s e c t 5 ( F i g u r e 37)were h i g h e s t 
(0.4-1.2 mg m-^ *) a t 0-30m i n the s t r a t i f i e d water a t 
s t a t i o n 39, d e c r e a s i n g to 0.4-0.8 mg m-^" a t 0-20m a t 
s t a t i o n 40 ( a l s o i n the s t r a t i f i e d w ater), then d e c r e a s i n g 
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s t e a d i l y throughout the water column a t s t a t i o n s 41-43 i n 
the m ixed/frontal a r e a s . 
The s t r u c t u r e of the water column on the E a s t / V e s t 
t r a n s e c t s C49-10']Sr, S'V; 49*40'N, 3*50'W) was r a t h e r more 
complex than t h a t of the ETorth/South t r a n s e c t s , a s t h e r e 
was some degree of s t r a t i f i c a t i o n e v i d e n t a t most of the 
p r o f i l e s t a t i o n s . However, there were two d i s t i n c t water 
masses - one with a SST of 14.0-15.0'C, and the other 
(where s t r a t i f i c a t i o n was much more pronounced) with a SST 
>16.0'C. Although the 0-80m temperature d i f f e r e n t i a l of 
the former was s i m i l a r to t h a t of the s t r a t i f i e d s t a t i o n s 
on the Horth/South t r a n s e c t s , the water column was not a s 
s t r o n g l y s t r a t i f i e d , and i s r e f e r r e d to as the mixed water 
on the E a s t / V e s t t r a n s e c t s 
On t r a n s e c t 1 ( F i g u r e 40), a l l s t a t i o n s were i n the 
mixed water mass, with a s l i g h t s t r e n g t h e n i n g of the 
thermocline a t s t a t i o n 45. Chi F' v a l u e s were h i g h e s t a t 
s t a t i o n 44. ranging from 0.6-1.0 mg m"^  a t 0-20m, with a 
Chi F' maximum a t about 20m at a l l . s t a t i o n s . 
On t r a n s e c t 2 ( F i g u r e 41), both the s t a t i o n s a t the 
west and e a s t of the t r a n s e c t were s t r o n g l y s t r a t i f i e d , 
with a c o l d water i n t r u s i o n a t s t a t i o n 50; Chi F' v a l u e s 
were lowest i n the mixed water a t s t a t i o n 50, and h i g h e s t 
Ol.O mg m-=^ ) at around 20ra i n the s t r a t i f i e d water a t 
s t a t i o n 51. 
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On t r a n s e c t 3 ( F i g u r e 42), the c o l d water i n t r u s i o n was 
evident a t s t a t i o n s 56, 57 and 58. and a g a i n a s s o c i a t e d 
with the lowest Chi F* v a l u e s CiO.2 mg mr^*). The h i g h e s t 
Chi F* v a l u e s (0.6-2.0 mg mr^ *^) were found a t the 
thermocline i n the s t r a t i f i e d water a t the e a s t of the 
t r a n s e c t ( s t a t i o n 59). 
On t r a n s e c t 4 ( F i g u r e 43), the temperature p r o f i l e s 
changed markedly, and although not well-mixed, showed no 
s u r f a c e i s o t h e r m a l l a y e r , but a steady decrease i n 
temperature over the top 20m of the water column. Sea 
s u r f a c e temperature monitoring (Appendix 2: 26 June, 
1200-2400h), however, i n d i c a t e d t h a t p r o f i l e s t a t i o n s 
HH17, 61, 62, HH18 and 63 were a l l taken a t p o i n t s of 
a d v e c t i o n between water masses, which was probably 
r e s p o n s i b l e f o r the p e c u l i a r temperature p r o f i l e s . Chi F' 
v a l u e s were very low (0.0 to <0.2 mg m"^) a t s t a t i o n s 61-
63. T h i s could a l s o have been a consequence of the r a p i d 
a d v e c t i o n of the two water masses a t these p r o f i l e 
s t a t i o n s , s i n c e Chi F' v a l u e s were much higher (0.1-1,2 mg 
m-^) a t s t a t i o n s 60 and HH16, where the s e a s u r f a c e 
monitoring data (Appendix 2) i n d i c a t e s no such marked 
advection. 
On t r a n s e c t 5 ( F i g u r e 44), s t a t i o n s 64-66 were i n mixed 
water, and s t a t i o n s 67-69 I n s t r a t i f i e d . Chi F' v a l u e s 
were low ($0.3 mg m~^) i n the mixed water a t the western 
end of the t r a n s e c t and a t s t a t i o n s 67 and 66 i n the 
s t r a t i f i e d water. At s t a t i o n 69, however, there was a 
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pool of high c h l o r o p h y l l (0.6-1.0 mg m-=^ ) a s s o c i a t e d with 
the thermocline. 
On t r a n s e c t 6 ( F i g u r e 45), Chi F' was uniformly low 
(0.1 mg m-=^ ) a t s t a t i o n s 73 and 72, with s l i g h t l y h i g her 
v a l u e s (-0.3 mg m-^) a s s o c i a t e d with the thermocline a t 
s t a t i o n s 70 and 71. 
5.5.2, ( i i ) C o r r e l a t i o n of Chi F' , Chi S, ATP and pH with 
mixed and s t r a t i f i e d water masses 
Chi F' maxima were often, though not always (e.g. 
s t a t i o n s 28, 39, 54, 67), a s s o c i a t e d with the thermocline, 
i n c o n t r a s t with the r e s u l t s of Plngree e t . a J . , (1976) and 
Aiken & T a y l o r (1984),. who have r e p o r t e d c h l o r o p h y l l 
thermocTlne maxima over the whole s t r a t i f i e d area.of the 
c o n t i n e n t a l s h e l f . However, Chi F' maxima were a l s o found 
i n the mixed water a t around the same depth a s the 
thermocline of the s t r a t i f i e d water (e.g. s t a t i o n s 37 & 
38) . 
In both the Korth/South and E a s t / V e s t t r a n s e c t s , Chi F* 
showed no c o r r e l a t i o n with e i t h e r water mass, or with the 
f r o n t a l region. 
The l a c k of c o r r e l a t i o n between Chi F' and s p e c i f i c 
water masses i s not, perhaps, s u r p r i s i n g , s i n c e t h i s was 
a l s o found to be the c a s e i n the s u r f a c e monitoring 
programme, where I t was the rates of changB i n Chi F i n 
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the v i c i n i t y of the f r o n t which were found to be c r i t i c a l , 
r a t h e r than absolute l e v e l s . 
Although the r e s u l t s of t h i s study gi v e no f i r m 
i n d i c a t i o n t h a t Chi F' can be used a s a means of d e t e c t i n g 
the s u b s u r f a c e p o s i t i o n of a f r o n t , the p o s s i b i l i t y 
cannot be r u l e d out. The r a p i d a d v e c t i o n of the two water 
masses on the E a s t / V e s t t r a n s e c t 5 i n d i c a t e that 
i n s u f f i c i e n t depth p r o f i l e data were c o l l e c t e d to e s t i m a t e 
the r a t e s of change i n Chi F' between p r o f i l e s t a t i o n s . 
Such a c a l c u l a t i o n would r e q u i r e continuous 
f l u o r e s c e n c e measurements over the water column on a 
t r a n s e c t between the two water masses. One p o s s i b l e 
method f o r making measurements of t h i s s o r t may be the use 
of an undulating oceanographic r e c o r d e r (Aiken & T a y l o r . 
1984), although t h i s a l s o poses problems due to the way 
the Instrument samples over the water column. 
A s i m i l a r l a c k of c o r r e l a t i o n was found between ATP 
(Appendix 2) and e i t h e r water mass, or the f r o n t a l region. 
I t i s , of course, p o s s i b l e t h a t the same arguments 
which have- been a p p l i e d to Chi F' d i s t r i b u t i o n may a l s o 
apply to ATP. However, s i n c e continuous monitoring 
te c h n i q u e s a l r e a d y e x i s t f o r c h l o r o p h y l l f l u o r e s c e n c e , but 
not f o r ATP e s t i m a t i o n s , i t i s u n l i k e l y t h a t the 
development of t h i s method as a r e a l - t i m e d e t e c t i o n method 
would prove more p r o f i t a b l e than the use of Chi F', or of 
Chi F. 
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pH measurements (Appendix 2) a l s o showed no c o r r e l a t i o n 
with e i t h e r water mass a t any depth, although the s u r f a c e 
monitoring programme i n d i c a t e d some p o t e n t i a l as an 
advance warning technique. However, i t I s l i k e l y t h a t the 
v a r i a t i o n s i n pH which appear to occur i n the v i c i n i t y of 
f r o n t a l r e g i o n s a r e l o c a l p e t u r b a t l o n s brought about a s a 
consequence of b i o l o g i c a l a c t i v i t y , and t h a t no advantage 
i s l i k e l y to be gained by usin g pH ( i n p r e f e r e n c e to Chi 
F) to d e t e c t e i t h e r s u r f a c e , or subsurface, f r o n t s . 
5.5.1. ( l i i > DCMU-enhanced f l u o r e s c e n c e 
In c o n t r a s t to the f i n d i n g s of Slovacek & Hannan 
(1977). the r e s u l t s of the present study i n d i c a t e t h a t , i n 
n a t u r a l marine phytoplankton populations, DCMU a d d i t i o n 
does not g i v e maximal in vivo f l u o r e s c e n c e y i e l d s which 
are a constant f u n c t i o n of c e l l u l a r c h l o r o p h y l l a. 
Although F+DCMU was enhanced I n the m a j o r i t y of 
samples, F+DCMU d i d not always show a b e t t e r c o r r e l a t i o n 
with Chi S than d i d F-DCMTJ, and i n some c a s e s , the 
c o r r e l a t i o n between f l u o r e s c e n c e and Chi S was a c t u a l l y 
reduced. The degree of c o r r e l a t i o n between F+DCWU and Chi 
S d i d not appear to be a f u n c t i o n of temperature, n u t r i e n t 
s t a t u s or of the l i g h t / d a r k c y c l e . I n a d d i t i o n , the 
d i s t r i b u t i o n of F+DCMU throughout the water column showed 
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no c o r r e l a t i o n with e i t h e r the mixed or s t r a t i f i e d water 
mass. I t would not appear, t h e r e f o r e , t h a t the a d d i t i o n 
of DCMU i s l i k e l y to improve the degree of advance warning 
given by Chi F on approaching a f r o n t . 
The p o s s i b i l i t y must a l s o be c o n s i d e r e d t h a t the very 
f a c t o r s which a f f e c t the f l u o r e s c e n c e : c h l o r o p h y l 1 a. r a t i o , 
such a s l i g h t , n u t r i e n t s t r e s s , the p h y s i o l o g i c a l s t a t e of 
the organisms e t c . , may, a t l e a s t i n p art, be r e s p o n s i b l e 
f o r the observed changes i n s u r f a c e Chi F i n the v i c i n i t y 
of f r o n t s , and t h a t the d e t e r m i n a t i o n of absolute 
c h l o r o p h y l l l e v e l s may a c t u a l l y reduce, r a t h e r than enhance, 
i t s p o t e n t i a l as a r e a l - t i m e d e t e c t i o n method. 
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AN IITVESTIGATIQg OF DIURgAL VARIATIQH OF THE IN VIVO 
FLUOHESCEUCE OF CHLOROPHYLL a-
6.1. INTRODUCTION 
Si n c e c h l o r o p h y l l f l u o r e s c e n c e competes with 
p h o t o s y n t h e s i s f o r energy, i t would t h e r e f o r e be expected 
t h a t c h l o r o p h y l l f l u o r e s c e n c e would show an i n v e r s e 
r e l a t i o n s h i p with the e f f i c i e n c y of photochemical 
proc e s s e s . T h i s phenomenon has been reported by s e v e r a l 
workers (Bl a s c o , 1973; H a r r i s , 1980) i n both l a b o r a t o r y 
and n a t u r a l phytoplankton populations. A study was 
t h e r e f o r e undertaken i n order to i n v e s t i g a t e the v a r i a t i o n 
i n Chi F over a 24 hour period. 
6.2. STUDY AREA 
A 24 hour survey was c a r r i e d out on 19 June 1984 o f f 
the edge of the C o n t i n e n t a l S h e l f a t L i t t l e Sole Bank 
(47'N, 9*V). The s h i p ' s p o s i t i o n during the survey p e r i o d 
i s shown i n F i g u r e 46. I t can be seen t h a t the s h i p 
d r i f t e d a c o n s i d e r a b l e d i s t a n c e over the 24 hour p e r i o d 
under the combined i n f l u e n c e of wind and t i d a l motion, 
although i t always remained o u t s i d e the 1000m contour, and 
should t h e r e f o r e have been w e l l - d i s t a n c e d from the s h e l f 
f r o n t (Le Fevre e t . a i . , 1983). 
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Figure 46. L i t t l e Sole Bank. 19-20 June 1984. 
Profile Stations 2 to 15. 
174 -
6.3. RESULTS 
6.3.1. S u r f a c e Measurements 
C h i F a t 3in v a r i e d f r o m 30 t o 180 t u s o v e r t h e s u r v e y 
p e r i o d ( F i g u r e 47) w i t h v a l u e s i n c r e a s i n g s h a r p l y f rom ^ 
60 t u s a t 1430h t o maximum <180 t u s ) a t 1630h, and 
r e m a i n i n g h i g h ( ? 1 5 0 ) u n t i l 2400h b e f o r e f a l l i n g g r a d u a l l y 
t o $50 t u s a t 0600 t o 1600h. 
T e m p e r a t u r e a t 3m v a r i e d f r o m 15.4 t o 17.0*C ( F i g u r e 
4 7 ) , i n c r e a s i n g g r a d u a l l y f rom minimum (15.4'C) a t 1600h 
t o 15.7*C a t 2100h. and r e m a i n i n g r e l a t i v e l y c o n s t a n t t o 
0300h t h e n i n c r e a s i n g s t e a d i l y t o maximum (17.0*C) a t 
1600h. 
6.3.2. Depth Measurements: 
T e m p e r a t u r e & C h l o r o p h y l l 
The in vivo f l u o r e s c e n c e o f c h l o r o p h y l l ^ was measured 
c o n t i n u o u s l y u s i n g a n ARE H o l t o n Heath m u l t i s e n s o r d e p t h 
p r o f i l i n g s y s t e m and c o n v e r t e d t o mg m-=^  o f c h l o r o p h y l l ^ 
( C h i F ' ) f o r c o m p a r i s o n w i t h c h l o r o p h y l l & c o n c e n t r a t i o n s 
d e t e r m i n e d by an In vitro s p e c t r o p h o t o m e t r i c method ( C h i 
S) on d i s c r e t e s a m p l e s . The d i s c r e t e s a m p l e s were 
c o l l e c t e d on t h e u p c a s t , a t d e p t h s d e t e r m i n e d on t h e b a s i s 
of t h e c o n t i n u o u s t e m p e r a t u r e and c h l o r o p h y l l f l u o r e s c e n c e 
d owncast p r o f i l e s . 
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F i g u r e 47. L i t t l e S o l e Bank, 19-20 June 1984. D i s t r i b u t i o n of 
Chi F ( t u s ) and Temperature C O a t 3m. 
F i g u r e s 48 & 49 show t h e l a r g e v a r i a t i o n I n 
t e m p e r a t u r e and C h i F' o v e r t h e s u r v e y p e r i o d . 
At s t a t i o n 2 <1450h) t e m p e r a t u r e v a r i e d from 14.2-
11.8*C» b e i n g I s o t h e r m a l t o 20m, w i t h a weak t h e r m o c l i n e 
a t 20-28m, and d e c r e a s i n g g r a d u a l l y t h e r e a f t e r t o 11.8*C. 
C h i F' r a n g e d from 0.1-1.26 mg m~=^ , p e a k i n g s h a r p l y t o 
maximum a t t h e b a s e o f t h e t h e r m o c l i n e C28m) w i t h a l a r g e 
s e c o n d a r y peak a t 44m. C h i S r a n g e d from 0.53-1.8 mg ra~=^, 
r i s i n g f r om 1.3 mg m~=^  a t 8m t o maximum (1.8 mg m-^) a t 
30m, t h e n f a l l i n g s t e a d i l y w i t h d e p t h t o minimum (0.54 mg 
m-^ -^) a t 100m. C h i S d i s t r i b u t i o n b r o a d l y m i r r o r e d C h i F' , 
s howing a h i g h p o s i t i v e c o r r e l a t i o n ( r = +0.9), b u t s i n c e 
C h i S was b a s e d on d i s c r e t e , r a t h e r t h a n c o n t i n u o u s , 
s a m p l e s t h e c u r v e was smoothed. 
At 1615h ( s t a t i o n 3,) t e m p e r a t u r e r a n g e d from 14.2 t o 
11.8*C. f a l l i n g g r a d u a l l y from maximum a i. 3m t o 13.6*C a t 
40m, t h e n r e r a a i n l n t ; v i r t u a l l y i s o t h e r m a l t o 66m. I t t h e n 
d e c r e a s e d r a p i d l y o v e r t h e t h e r m o c l l n e t o 12.7*C a t 70ra, 
t h e n g r a d u a l l y t o minimum (11.8'C) a t 100m. The s h a p e o f 
t h e C h i F* p r o f i l e h a s changed m a r k e d l y compared w i t h 
s t a t i o n 2, w i t h t h e s h a r p c h l o r o p h y l l p e a k s no l o n g e r 
e v i d e n t . A l t h o u g h t h e r a n g e (0.1-1.4 mg m"^) I s o n l y 
s l i g h t l y g r e a t e r t h a n a t s t a t i o n 2, t h e r e i s more C h i F* 
I n t h e w a t e r column, w i t h t h e b u l k o f t h e c h l o r o p h y l l 
a g a i n above t h e t h e r m o c l i n e , but w i t h t h e t h e r m o c l i n e now 
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F i g u r e 48. L i t t l e S o l e Bank, 19-20 June 1984. D i s t r i b u t i o n of 
temperature C O wit h depth a t P r o f i l e S t a t i o n s (o) 2 t o 15. 




F i g u r e 49. L i t t l e S o l e Bank. 19-20 June 1964. D i s t r i b u t i o n of 
Chi F' <mg m-3) with depth a t P r o f i l e S t a t i o n s (o) 2 to 15. 
r a n g e d f r o m 0.45 t o 1.85 mg ra"=^, s i m i l a r t o s t a t i o n 2, 
f a l l i n g from 1.52 mg m-=^  a t 3m t o 0.74 mg m~=^  a t 30m, 
r i s i n g t o maximum CI. 85 mg m-=^ ) a t 60m, t h e n f a l l i n g 
s t e a d i l y w i t h d e p t h t o minimum (0.45 mg m~^) a t 100m. C h i 
S shows a n e g a t i v e c o r r e l a t i o n w i t h C h i F' from 3 - 30m, 
but a s t r o n g p o s i t i v e c o r r e l a t i o n below 30m, r e s u l t i n g i n 
a d rop i n t h e c o r r e l a t i o n c o e f f i c i e n t ( r = +0.7) o v e r t h e 
w a t e r column r e l a t i v e t o s t a t i o n 2. 
At 1750h ( s t a t i o n 4 ) t e m p e r a t u r e r a n g e d from 14. 1 t o 
11.6*C, t h e w a t e r column a p p e a r i n g t o be w e l l - m i x e d , b u t 
w i t h e v i d e n c e o f a weak t h e r m o c l i n e • C i 3 . 8 - 1 3 . 2 ' O a t 30-
40m. SST h a s dropped by 0.1'C and t h e t e m p e r a t u r e a t 100m 
by 0.2'C. C h i F' r a n g e d f r o m 0.08-1.14 mg m-=^ . g i v i n g a 
h i g h p o s i t i v e c o r r e l a t i o n w i t h t e m p e r a t u r e Cr = +0.97), 
p e a k i n g t o maximum <1.14 mg m-^ )^ a t 14m a n d ' t h e n r e m a i n i n g 
r e l a t i v e l y c o n s t a n t t o 30m, d r o p p i n g f a i r l y r a p i d l y t o 
minimum CO. 08 mg m~=^ ) o v e r t h e v e r y weak t h e r m o c l l n e a t 
30-40m. The b u l k of t h e c h l o r o p h y l l h a s now s h i f t e d t o t h e 
t o p 40m o f t h e w a t e r column and, a p a r t from t h e t o p 15m, 
f o l l o w s t h e t e m p e r a t u r e p r o f i l e . C h i S r a n g e d from 1.01 
t o 1.92 mg m"=^ , h i g h e r t h a n a t s t a t i o n 3, r i s i n g s h a r p l y 
f rom 1.3 mg m"^ a t 3m t o 1.8 mg m-=^  a t 8m, t h e n g r a d u a l l y 
t o maximum CI. 92 mg m-=^ ) a t 30m b e f o r e f a l l i n g g r a d u a l l y 
t o minimum CI. 01 mg m~"') a t 80ra. The c o r r e l a t i o n between 
C h i F' and C h i S was s l i g h t l y h i g h e r t h a n a t t h e p r e v i o u s 
s t a t i o n Cr = +0.8). 
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At 1950ti ( s t a t i o n 5 ) t e m p e r a t u r e r a n g e d from 14.2 t o 
12.0*C, b e i n g i s o t h e r m a l t o 20m» w i t h a t h e r m o c l i n e ( 1 4 . 2 -
1 3 . 0 * 0 a t 20-40m. SST i s 0.1*C h i g h e r t h a n a t s t a t i o n 4. 
and t h e 100m t e m p e r a t u r e s h o w i n g a s i g n i f i c a n t I n c r e a s e o f 
0.4*C. The C h i F' p a t t e r n i s q u i t e d i f f e r e n t t o t h a t a t 
t h e p r e v i o u s s t a t i o n a l t h o u g h t h e r a n g e (0.1-1.15 mg wr^'> 
i s s i m i l a r . The b u l k of t h e c h l o r o p h y l l i s a g a i n above 
40m, but a s h a r p peak h a s d e v e l o p e d a t 25m i n a s s o c i a t i o n 
w i t h t h e t h e r m o c l i n e (20-40m) w h i c h now a p p e a r s t o show 
s i g n s of s t r e n g t h e n i n g . C h i S r a n g e d from 0.76 t o 1.43 mg 
m"~®, l o w e r t h a n a t t h e p r e v i o u s s t a t i o n s , r i s i n g f r om 0.97 
mg m-^ " a t 3m t o maximum (1.43 mg m"^) a t 10m. f a l l i n g 
s l i g h t l y t o 1.25 mg m-^ "^ a t 20m, r i s i n g a g a i n t o 1.36 mg ra" 
^ a t 30m, t h e n d r o p p i n g s t e a d i l y t o minimum (0.76 mg m~^) 
a t 70m-before r i s i n g t o maximum (1.15 mg m'^ )^ a g a i n a t 
100m. 
At 2145h ( s t a t i o n 6> t e m p e r a t u r e r a n g e d from 14.2 t o 
12.2*C. b e i n g i s o t h e r m a l t o 20m, and d e c r e a s i n g s t e a d i l y 
t h e r e a f t e r , w i t h no w e l l - d e f i n e d t h e r m o c l i n e . SST i s t h e 
same a s a t s t a t i o n 5, but t h e 100m t e m p e r a t u r e h a s 
I n c r e a s e d by a f u r t h e r 0.2*C. The amount of c h l o r o p h y l l 
i n t h e w a t e r column I s s i m i l a r t o t h a t a t s t a t i o n 5, 
a l t h o u g h t h e r a n g e i n v a l u e s (0.09-0.93 mg m-^ )^ i s l e s s , 
w i t h no s h a r p p e a k s . The c o n c e n t r a t i o n o f c h l o r o p h y l l i s 
r e l a t i v e l y c o n s t a n t a t a r o u n d 0.93 mg m"=^  (maximum) t o 40m, 
t h e n d e c r e a s e s much more g r a d u a l l y t h a n a t s t a t i o n 5 t o 
minimum (0.09 rag m-=^ ) a t 100m. C h i S r a n g e d from 0.76 t o 
- 181 
1.67 mg m'^ ", r i s i n g f r o m 1.2 mg m~^ a t 3m t o maximum (1.67 
mg m~=^ ) a t 40m. t h e n f a l l i n g s t e a d i l y w i t h d e p t h t o 
minimum (0.76 mg m-^ *) a t 100m. The c o r r e l a t i o n between 
C h i F' and C h i S ( r ) was +0.8. 
At 2315h ( s t a t i o n 7 ) SST h a s i n c r e a s e d t o 14.3'C and 
t h e t e m p e r a t u r e a t 100m h a s d e c r e a s e d t o 12.0'C (0 . 2 * C 
l o w e r t h a n a t s t a t i o n 6 ) . The w a t e r column i s a g a i n 
i s o t h e r m a l t o 22m and t h e t h e r m o c l i n e (14.3-13.2'C) 
a p p e a r s t o be s t r e n g t h e n i n g between 20m and 40m. The 
r a n g e i n C h i F* h a s i n c r e a s e d s l i g h t l y t o 0.09-1.1 mg m-^ *^, 
due m a i n l y t o a change i n t h e v e r t i c a l d i s t r i b u t i o n , w i t h 
t h e c h l o r o p h y l l now b e i n g c o n c e n t r a t e d I n t h e upper 30m o f 
t h e w a t e r column. C h i S r a n g e d from 0.46 t o 1.44 mg m-^ -, 
w i t h t h e b u l k of t h e c h l o r o p h y l l O l . O rag m"®) b e i n g above 
40m, f a l l i n g , w i t h d e p t h t o minimum (0.46mg m""^ ') a t 100m, 
s h o w i n g a s t r o n g c o r r e l a t i o n w i t h C h i F' v a l u e s ( r =• 
+0.96). 
By 0315h ( s t a t i o n 8 ) SST h a s i n c r e a s e d t o 14.5'C and 
t h e t e m p e r a t u r e a t 100m h a s dropped t o 11.8'C (0 . 3 * C l o w e r 
t h a n a t s t a t i o n 7 ) , and t h e t h e r m o c l i n e h a s s t r e n g t h e n e d 
a t 20-25m ( 1 4 . 4 - 1 3 . 4 * C ) . The amount of C h i F' i n t h e 
w a t e r column i s v e r y much l e s s t h a n a t t h e p r e v i o u s 
s t a t i o n s , r a n g i n g f r o m 0.06-0.63 mg m"^ , w i t h v a l u e s above 
t h e b a s e o f t h e t h e r m o c l i n e (25m) b e i n g >0.5 mg m~=^ , t h e n 
f a l l i n g s h a r p l y t o minimum (0.06 mg m"=') a t , and b elow 
50m. C h i S v a l u e s were a l s o l o w e r (0.34 t o 1.25 mg m~=^ ) , 
182 
r i s i n g f r om 0.97 mg m"^ a t 3m t o maximum (1.25 mg m-^ "^) a t 
6.6m, t h e n f a l l i n g s t e a d i l y w i t h d e p t h t o minimum (0.34 mg 
m-^ *) a t 100m. C h i S a g a i n showed a h i g h c o r r e l a t i o n ( r = 
+0.90) w i t h C h i F'. 
At 0445h ( s t a t i o n 9 ) t e m p e r a t u r e v a r i e d from 14.5 t o 
11.6'C, w i t h t h e t h e r m o c l i n e g r a d i e n t f u r t h e r s t r e n g t h e n e d 
a t 15-20m, s h a l l o w e r t h a n a t s t a t i o n 8, and d e c r e a s i n g 
g r a d u a l l y t h e r e a f t e r . SST was t h e same a s a t s t a t i o n 8, 
but t h e downward t r e n d i n t h e 100m t e m p e r a t u r e was 
o b s e r v e d t o be c o n t i n u i n g . The t o t a l C h i F' i n t h e w a t e r 
column h a s d e c r e a s e d f u r t h e r , r a n g i n g from 0.06-0.42 mg m" 
^, w i t h maximum v a l u e s J u s t above t h e t h e r m o c l i n e a t 15-
20m - s h a l l o w e r t h a n a t t h e p r e v i o u s s t a t i o n s . C h i S 
r a n g e d from 0.33 t o 0.9 mg m-^ *, l o w e r t h a n a t s t a t i o n 8, 
f a l l i n g s t e a d i l y from maximum (0.9 mg m-^ ") a t 3m t o 
minimum (0.33 mg m-=^ ) a t 100m. C h i S a g a i n showed a h i g h 
p o s i t i v e c o r r e l a t i o n ( r = +0.98) w i t h C h i F'. 
At 0645h ( s t a t i o n 10) t e m p e r a t u r e v a r i e d from 14.6 t o 
11.7-C, w i t h a s t r o n g t h e r m o c l i n e ( 1 4 . 6 - 1 3 . 4 * 0 a t 15-20ra, 
t h e n d e c r e a s i n g i n " s t e p s " t o 50m, and g r a d u a l l y 
t h e r e a f t e r . SST had I n c r e a s e d f u r t h e r , and was 0.4*C 
h i g h e r t h a n a t s t a t i o n 7. The t o t a l C h i F' i n t h e w a t e r 
column h a s f a l l e n f u r t h e r , w i t h v a l u e s r a n g i n g from 0.05-
0.36 mg m-^ *. The v e r t i c a l d i s t r i b u t i o n o f C h i F' was 
s i m i l a r t o t h a t a t s t a t i o n 9, but w i t h a s l i g h t peak 
e v i d e n t a t t h e b a s e o f t h e t h e r m o c l i n e a t 20m. C h i S 
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r a n g e d from 0.22 t o 0.75 mg m~^ , r i s i n g f r om 0.59 mg m-=^  
a t 3m t o maximum CO. 76 mg m"=^ ) a t 15m, t h e n f a l l i n g t o 
minimum CO. 22 mg m~=^ ) a t 50m b e f o r e i n c r e a s i n g s l i g h t l y t o 
0.39 mg m~^ a t 68.5m and d e c r e a s i n g a g a i n t o 0.28 mg m~^ 
a t 100m. C h i S a g a i n showed a h i g h p o s i t i v e c o r r e l a t i o n 
w i t h C h i F' Cr= +0.90) 
By 0830h C s t a t l o n 11) t h e t e m p e r a t u r e p r o f i l e h a s 
changed d r a m a t i c a l l y . SST h a s i n c r e a s e d t o 15*C w i t h o n l y 
minor s o l a r r a d i a t i o n , and t h e 100m t e m p e r a t u r e shows a 
v e r y s i g n i f i c a n t i n c r e a s e t o 12.2*C. The w a t e r column i s 
I s o t h e r m a l t o 11m and t h e t h e r m o c l l n e C15.0-14.0*C) h a s 
become s h a l l o w e r C l l - 1 7 m ) , w i t h a f u r t h e r g r a d u a l 
t e m p e r a t u r e g r a d i e n t C14.0-12.5*C) from 17-60m. 
U n f o r t u n a t e l y , no d a t a a r e a v a i l a b l e f o r C h i F* a t s t a t i o n 
11 due t o I n s t r u m e n t f a i l u r e . C h i S r a n g e d from 0.34 t o 
0.87 mg m~=^ , r i s i n g from 0.59 mg m~=^  a t 3m t o 0.87 mg m-=^  
Cmaxlmum) a t 11m, t h e n f a l l i n g s t e a d i l y t o minimum CO.34 
mg m~=^ ) a t lOOm. 
At 1050h C s t a t i o n 12) t h e t e m p e r a t u r e p r o f i l e C14.9-
11.9*C) had a g a i n changed markedly, w i t h SST b e i n g 0.1'C 
l o w e r t h a n a t s t a t i o n 11 and a much more s i g n i f i c a n t 
d e c r e a s e o f 0.3*C a t 100m, w i t h t h e w a t e r column b e i n g 
I s o t h e r m a l t o 15m. The t h e r m o c l l n e g r a d i e n t was a g a i n 
s t r e n g t h e n e d C14.9-13.5*C) a t 15 t o 26ra, and t h e r e i s 
e v i d e n c e o f a s l i g h t t e m p e r a t u r e i n v e r s i o n a t 28m. C h i 
F' r a n g e d from 0.05-0.37 mg m-=', a s a t s t a t i o n 10. but t h e 
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d i s t r i b u t i o n i s q u i t e d i f f e r e n t , r i s i n g from 0.15 mg m"^ 
a t 3m and 10m t o maximum a t 28m, c o i n c i d e n t w i t h t h e 
t e m p e r a t u r e i n v e r s i o n a t t h e b a s e of t h e t h e r m o c l i n e . C h i 
S r a n g e d from 0.16 t o 1.22 mg m"^ '^, h i g h e r t h a n a t s t a t i o n 
11, r i s i n g from minimum (0.16 mg m-^ "^) a t 3m t o maximum 
(1,22 mg m-=^ ) a t 26m, t h e n f a l l i n g a g a i n t o minimum a t 
100m. The c o r r e l a t i o n between C h i S and C h i F* a t s t a t i o n 
12 had dropped t o +0.7. 
At 1215h ( s t a t i o n 13) t e m p e r a t u r e r a n g e d from 15.0 t o 
11.8*C, b e i n g i s o t h e r m a l t o 15m, w i t h a t h e r m o c l i n e ( 1 5 . 0 -
13.2*C) a t 15-30m. The t e m p e r a t u r e i n v e r s i o n e v i d e n t a t 
s t a t i o n 12 h a s d i s a p p e a r e d , and SST h a s i n c r e a s e d , b e i n g 
0.8*C h i g h e r t h a n a t s t a t i o n 7 (where SST f i r s t s t a r t e d t o 
i n c r e a s e ) , w i t h t h e t e m p e r a t u r e a t 100m d r o p p i n g t o 
11.8-C. C h i F' r a n g e d from 0:06-0.37 mg m-=^ , w i t h low 
l e v e l s . (0. 13-0. 16 mg m-=^ ) t o 10m. t h e n i n c r e a s i n g t o 
maximum (0.37 mg m"^ ') a t 20m b e f o r e f a l l i n g g r a d u a l l y t o 
minimum (0.06 mg m-=^ ) a t 100m, t h e b u l k o f t h e c h l o r o p h y l l 
b e i n g s l i g h t l y s h a l l o w e r t h a n a t t h e p r e v i o u s s t a t i o n . No 
d i s c r e t e s a m p l e s were o b t a i n e d a t t h i s s t a t i o n due t o 
f a i l u r e o f t h e s a m p l i n g r o s e t t e . 
At 1415h ( s t a t i o n 14) SST h a s i n c r e a s e d f u r t h e r t o 
15.2*C. p o s s i b l y a s a r e s u l t of s o l a r r a d i a t i o n , a l t h o u g h 
t h e 100m t e m p e r a t u r e , w h i c h would not be a f f e c t e d by t h i s 
h a s a l s o i n c r e a s e d by 0.15*C t o 11.9'C. The w a t e r column 
i s a g a i n i s o t h e r m a l t o 15m, s i m i l a r t o s t a t i o n s 12 and 13, 
1 8 5 -
but t h e t h e r m o c l i n e g r a d i e n t ( a t 15-20m) i s v e r y much 
s h a r p e r ( 1 5 . 2 - 1 3 . 5 * 0 . C h i F" l e v e l s have i n c r e a s e d 
( 0 . 0 5 - 0 . 9 3 mg m-^ ") , r i s i n g f rom 0.13 mg m-=^  a t 3m t o 0.93 
mg m~^ (maximum) a t t h e b a s e o f t h e t h e r m o c l i n e (21m>, 
t h e n f a l l i n g t o 0.32 mg m*^ a t 30m, and g r a d u a l l y 
t h e r e a f t e r t o minimum ( 0 . 0 5 mg m-=^ ) a t 100m. C h i S r a n g e d 
f rom 0.39 t o 1.96 mg m~=^ , p e a k i n g a t 40m, t h e n f a l l i n g t o 
minimum (0.39 mg m-=^ ) a t 100m. T h e r e was no c o r r e l a t i o n 
between C h i F' and C h i S ( r = +0.06). 
At 1650h ( s t a t i o n 15) t h e t e m p e r a t u r e r a n g e o v e r t h e 
w a t e r column was t h e same a s a t s t a t i o n 14 ( 1 5 . 2 - 1 1 . 9 * C ) , 
but t h e p r o f i l e i s m a r k e d l y d i f f e r e n t , b e i n g i s o t h e r m a l t o 
20m w i t h a v e r y d i f f u s e t h e r m o c l i n e a t 20-40m ( 1 5 . 2 -
1 3 . 5 * C ) . T e m p e r a t u r e s f r o m 20 t o 80m were a l l h i g h e r t h a n 
t h o s e r e c o r d e d a t s t a t i o n 14 f o r t h e same d e p t h s . The 
ra n g e i n C h i F' (0.05-0.55 mg mr=^) i s l e s s t h a n a t t h e 
p r e v i o u s s t a t i o n , a l t h o u g h t h e t o t a l C h i F' o v e r t h e w a t e r 
column r e m a i n s s i m i l a r . The s h a r p peak a t 21m i s no 
l o n g e r e v i d e n t , a l t h o u g h t h e r e i s s t i l l a n I n c r e a s e i n C h i 
F' a s s o c i a t e d w i t h t h e t h e r m o c l i n e a t 26-40m. C h i S 
r a n g e d from 0.27 t o 0.89 mg m-=^ . f a l l i n g from 0.64 mg m"^ 
a t 3m t o 0.46 mg m-=^  a t 10m, t h e n r i s i n g t o 0.89 mg m-^ ' 
(maximum) a t 26-35m and f a l l i n g t o minimum (0.27 mg m-^ ") 
a t 100m. The c o r r e l a t i o n between C h i S and C h i F* ( r ) 
r o s e a g a i n t o +0.75. 
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ATP, C h i S and N u t r i e n t s 
The d i s t r i b u t i o n of l o g ATP, C h i S, phosphate, n i t r a t e 
and s i l i c a t e i n t h e t o p 100m of t h e w a t e r column a r e shown 
i n Appendix 3. 
Log ATP showed no a p p a r e n t d i f f e r e n c e s between t h e two 
w a t e r masses. The d i s t r i b u t i o n of C h i S was s i m i l a r t o 
t h a t of C h i F'. 
A l l t h r e e n u t r i e n t s were g e n e r a l l y low a t s t a t i o n s 2 t o 
6, w i t h c o n c e n t r a t i o n s i n c r e a s i n g a t s t a t i o n s 7 t o 15. 
6,4. DISCUSSION 
The d i s t r i b u t i o n o f C h i F' w i t h d e p t h o v e r t h e s u r v e y 
p e r i o d ( F i g u r e 49) was b r o a d l y s i m i l a r t o t h a t of 
c h l o r o p h y l l d e t e r m i n e d s p e c t r o p h o t o m e t r l c a l l y ( C h i S, 
Appendix 3 ) . I t was e x p e c t e d t h a t t h e r e l a t i o n s h i p 
between C h i F' and C h i S o v e r t h e 24 hour s u r v e y p e r i o d 
would be c o n s i s t e n t w i t h t h e r e s u l t s o b t a i n e d by o t h e r 
w o r k e r s ( K a r a b a s h e v & S o l o v ' y e v , 1976; Owens e t . a i . , 
1 9 8 0 ) , w i t h t h e h i g h e s t c o r r e l a t i o n between C h i F and C h i 
S b e i n g found a t m i d n i g h t , and t h e l o w e s t a t noon. 
However, a l t h o u g h h i g h p o s i t i v e c o r r e l a t i o n s (r>+0.9) 
were f o u n d between C h i F and C h i S a t s t a t i o n s 7 t o 9 
(2315 t o 0 6 4 5 h ) . t h e h i g h e s t c o r r e l a t i o n o c c u r r e d not a t 
187 -
2400h, but a t 0445h C s t a t l o n 9 ) , and t h e l o w e s t Cr=+0.05) 
a t 1415h on 20 June C s t a t i o n 1 4 ) . 
I f i n vivo c h l o r o p h y l l f l u o r e s c e n c e was e x h i b i t i n g a 
p e r i o d i c i t y Ceven I f o u t o f p h a s e w i t h t h a t r e p o r t e d i n 
t h e l i t e r a t u r e ) , t h e n t h e c o r r e l a t i o n s between C h i F*and 
C h i S a t t h e same t i m e s o f day s h o u l d have been s i m i l a r . 
T h i s was not t h e c a s e , however. At 1450h on 19 J u n e 
C s t a t i o n 2 ) t h e c o r r e l a t i o n was h i g h Cr=+0.90), but a t 
1415h 20 June C s t a t l o n 14) t h e c o r r e l a t i o n was v e r y low 
Cr=+0.05). D l e l p e r i o d i c i t y was not,, t h e r e f o r e , t h e m a j o r 
f a c t o r I n f l u e n c i n g t h e in vivo f l u o r e s c e n c e y i e l d . 
The c h a n g e s i n t h e d e p t h o f t h e I s o t h e r m s C F i g u r e 48) 
show a s i m i l a r p a t t e r n t o t h e d i s t r i b u t i o n o f C h i F*, 
s u g g e s t i n g t h a t t h e c h a n g e s i n C h i F o v e r t h e s u r v e y 
p e r i o d a r e s t r o n g l y r e l a t e d t o c h a n g e s i n t h e t e m p e r a t u r e 
s t r u c t u r e o f t h e w a t e r column w h i c h a r e m a s k i n g a n y 
d i u r n a l v a r i a t i o n i n f l u o r e s c e n c e . 
E v i d e n c e of I n t e r n a l wave motion c a n be c l e a r l y s e e n i n 
F i g u r e 48, w i t h t h e d e p t h o f t h e i s o t h e r m s v a r y i n g 
m a r k e d l y between p r o f i l e s . A r e g u l a r p a t t e r n c a n n o t be 
d i s c e r n e d owing t o t h e t e m p o r a l s p a c i n g of t h e p r o f i l e s , 
w h i c h was not s h o r t enough t o d e t e c t t h e p e r i o d s o f t h e 
I n t e r n a l waves. A p a r t i c u l a r l y i n t e r e s t i n g f e a t u r e 
e v i d e n t i n F i g u r e 48 i s t h e s t r e n g h t e n l n g o f t h e 
t h e r m o c l l n e and t h e r i s e i n s u r f a c e t e m p e r a t u r e f r o m 
s t a t i o n 7 C2315h) t o t h e end o f t h e s u r v e y p e r i o d a t 1630 
Hrs. The development o f t h e t h e r m o c l i n e i s a s s o c i a t e d 
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w i t h a f a l l i n t h e c h l o r o p h y l l c o n t e n t o f t h e w a t e r 
column, w i t h t h e h i g h e s t c h l o r o p h y l l v a l u e s o c c u r i n g p r i o r 
to, and c o i n c i d e n t w i t h t h e s t r e n g t h e n i n g t h e r m o c l i n e f rom 
1430h t o 2315h. H i g h e r r a t e s of f l u o r e s c e n c e would, o f 
c o u r s e , be e x p e c t e d d u r i n g t h e n i g h t , when no 
p h o t o s y n t h e s i s i s t a k i n g p l a c e . However, C h i S v a l u e s a r e 
a l s o h i g h e r b e f o r e 2315h, i n d i c a t i n g t h a t t h e v a r i a t i o n i n 
c h l o r o p h y l l d e t e r m i n e d by f l u o r o m e t r i c methods i s r e a l , 
and not an e f f e c t p r o d u c e d e x c l u s i v e l y by d i e l p e r i o d i c i t y 
f l u o r e s c e n c e l e v e l s . 
C o n t i n u o u s measurements of C h i F and t e m p e r a t u r e a t 3m 
a r e shown i n F i g u r e 47. T h e r e i s a d r a m a t i c f a l l i n 
c h l o r o p h y l l l e v e l s p r i o r t o an i n c r e a s e i n s u r f a c e 
t e m p e r a t u r e of a p p r o x i m a t e l y 1*C ( 0 2 0 0 h ) , i n d i c a t i n g 
e i t h e r a change i n w a t e r mass, o r a p r e v i o u s p e r i o d of 
u p w e l l l n g w h i c h h a s r e s u l t e d i n an i n c r e a s e i n 
p h y t o p l a n k t o n p r o d u c t i v i t y due t o i n c r e a s e d a v a i l a b i l i t y 
of n u t r i e n t s . 
The s h i p ' s p o s i t i o n d u r i n g t h e s u r v e y p e r i o d i s shown 
i n F i g u r e 46. I t c a n be s e e n t h a t t h e s h i p d r i f t e d a-
c o n s i d e r a b l e d i s t a n c e o v e r t h e 25-hour p e r i o d a s a r e s u l t 
of wind and t i d a l motion, a l t h o u g h i t a l w a y s r e m a i n e d 
o u t s i d e t h e 1000m c o n t o u r and s h o u l d t h e r e f o r e have been 
w e l l - d i s t a n c e d f r o m t h e s h e l f f r o n t . The d r i f t was 
p r e d o m i n a n t l y due t o t h e e f f e c t s o f wind, s i n c e t h e r e i s 
no e v i d e n c e o f t h e c y c l i c p a t t e r n w h i c h would have been 
e x p e c t e d had t i d a l motion been t h e dominant f a c t o r . 
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The p r o f i l e s t a t i o n s a p p e a r t o be i n two groups, 
r o u g h l y c o r r e s p o n d i n g t o t h e mixed and s t r a t i f i e d a r e a s 
e v i d e n t i n F i g u r e 47, s u p p o r t i n g t h e h y p o t h e s i s t h a t t h e 
measurements were t a k e n i n two d i s t i n c t w a t e r masses - one 
s t r o n g l y s t r a t i f i e d , and t h e o t h e r a n a r e a where u p w e l l i n g 
p r i o r t o t h e s u r v e y p e r i o d h a s m o d i f i e d t h e w a t e r column. 
T h i s f a c t o r , combined w i t h t h e i n t e r n a l wave motion, 
a p p e a r s t o have masked any e f f e c t of d i u r n a l v a r i a t i o n on 
c h l o r o p h y l l a. f l u o r e s c e n c e e m i s s i o n . 
One p a r t i c u l a r l y i n t e r e s t i n g i n t e r e s t i n g f e a t u r e t o 
emerge i s t h e s h a r p i n c r e a s e i n C h i F a t 3m s e e n a t t h e 
b e g i n n i n g of t h e s u r v e y p e r i o d ( F i g u r e 47, 1200-1400h) 
w h i c h s h o u l d i n d i c a t e t h e p r o x i m i t y of a s e c o n d f r o n t . 
T h i s s u g g e s t s t h a t t h e v e r t i c a l p r o f i l e s were t a k e n a t 
t h e C e l t i c S e a - Bay o f B i s c a y s h e l f b r e a k f r o n t , an a r e a 
of r e l a t i v e l y low s u r f a c e t e m p e r a t u r e w h i c h i s l i m i t e d by 
a d o u b l e f r o n t a l s y s t e m ( L e F e v r e e t . a i . . 1 9 8 3 ) . 
V e r y l i t t l e i s s o f a r known about t h i s d o u b l e f r o n t a l 
s y s t e m . P i n g r e e e t . a i . ( 1981) have r e p o r t e d h i g h s u r f a c e 
c h l o r o p h y l l and n u t r i e n t c o n c e n t r a t i o n s a t t h e s h e l f 
b r e a k , a l t h o u g h t h e p r e s e n t s t u d y i n d i c a t e s n u t r i e n t 
d e p l e t i o n i n t h e mixed w a t e r a s a r e s u l t o f h i g h 
p h y t o p l a n k t o n p r o d u c t i v i t y . 
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T h i s a r e a was thought to be the r e s u l t of upwelllng a t 
the s h e l f edge (Dickson et.al., 1980; Heaps. 1980). 
However. Maze" C1980, 1983) p o s t u l a t e d t h a t the s u r f a c e 
c o o l i n g was a r e s u l t of p r o c e s s e s depending on the 
gen e r a t i o n of i n t e r n a l waves over the slope, and modelled 
a s i m u l a t e d propagation of the b a r o t r o p i c t i d a l wave 
towards the s h e l f . The r e s u l t was the ge n e r a t i o n of 
i n t e r n a l waves' over the s h e l f break, with a maximum 
amplitude of 50-60m, r e s u l t i n g i n an outcropping of the 






1) T h i s study has shown t h a t the r e a l - t i m e monitoring 
of c h l o r o p h y l l A f l u o r e s c e n c e CChl F) can be used to 
d e t e c t the s u r f a c e p o s i t i o n of a deep-sea f r o n t CSectlon 
3)» a s h e l f - s e a f r o n t ( S e c t i o n s 4 & 5 ) , and a s h e l f - b r e a k 
f r o n t ( S e c t i o n 6 ) . 
The s e a s o n a l s u r f a c e monitoring programme c a r r i e d out 
around the UK ( S e c t i o n 4> i n d i c a t e d t h a t when 
s t r a t i f i c a t i o n was a t i t s most pronounced, (June to 
September), changes i n Chi F were c o n s i s t e n t l y a s s o c i a t e d 
with temperature and s a l i n i t y g r a d i e n t s a t the s h e l f s e a 
f r o n t s around the UK. These changes i n Chi F were not. 
however, n e c e s s a r i l y c o - i n c i d e n t with the temperature and 
s a l i n i t y g r a d i e n t s , but o f t e n appeared to precede both the 
temperature and s a l i n i t y response. 
I t was expected t h a t d u r i n g the winter months (November 
and December), when the water column was well-mixed, Chi F 
v a l u e s would be uniformly low, r e f l e c t i n g low 
phytoplankton p r o d u c t i v i t y , and g i v i n g a r e l a t i v e l y s t a b l e 
base l i n e around the UK. T h i s was found to be the case, 
with Chi F ranging from 0.5-13 t u s and c h l o r o p h y l l ^ from 
0. 0-1. 5 mg m-=*. 
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However, even a t these low l e v e l s , Chi F showed s i m i l a r 
v a r i a t i o n s to those seen from June to September. These 
changes i n Chi F were, however, a p p a r e n t l y a s s o c i a t e d more 
with changes i n s a l i n i t y than with changes i n temperature, 
as the temperature d i f f e r e n t i a l s d u ring the winter months 
were s l i g h t . 
These r e s u l t s i n d i c a t e t h a t the changes i n c h l o r o p h y l l 
l e v e l s found i n the v i c i n i t y of s h e l f s e a f r o n t s during 
the summer months are l i k e l y to be c o n s i s t e n t f e a t u r e s 
(not t r a n s i e n t , a s suggested by Savidge, 1976), which a r e 
a l s o a s s o c i a t e d with temperature and s a l i n i t y g r a d i e n t s a t 
other times of the year - a f i n d i n g which has important 
i m p l i c a t i o n s f o r ASV. 
2) The r e s u l t s of the s u r f a c e monitoring programme 
a c r o s s the Ushant f r o n t . i n June 1984 showed that a t a r a t e 
of change of 10.0% (CD, Chi F d e t e c t e d 100% of a l l 
c r o s s i n g s and s k i r t i n g s , 78% of the d e t e c t i o n s being i n 
advance of T l <by 0.5 to 2.0 m i l e s ) , with no f a l s e alarms. 
When the s e n s i t i v i t y was r a i s e d to a r a t e of change of 
5.0% (C2) a l l c r o s s i n g s and s k i r t i n g s were again detected, 
with 76% of the alarms being r a i s e d i n advance of T l and 
the d i s t a n c e advantage i n c r e a s i n g to 0.5 to 5.0 m i l e s . 
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The f a l l I n the percentage of alarms flagged before T l was 
due to an i n c r e a s e i n the f a l s e alarm r a t e to 14%. I f the 
number of f a l s e alarms was disregarded, however, the 
percentage of f l a g s r a i s e d i n advance of T l rose to 89%. 
A d i f f i c u l t y I n c l a s s i f y i n g alarms a s " r e a l " or " f a l s e " 
arose from the f a c t t h a t both CI and C2 flagged alarms i n 
a r e a s where T l d i d not d e t e c t any major temperature 
change. However, on the m a j o r i t y of o c c a s i o n s when t h i s 
occured, the Chi F alarms were a s s o c i a t e d with very s l i g h t 
temperature changes. These f l a g s may t h e r e f o r e not i n 
f a c t be " f a l s e " alarms, but an i n d i c a t i o n of the p r o x i m i t y 
of a f r o n t which has not, as yet, been d e t e c t e d by 
temperature. T h i s would appear to be a l i k e l y 
i n t e r p r e t a t i o n , s i n c e the r e s u l t s f o r CI i n d i c a t e a high 
percentage (78%) of d e t e c t i o n s o c c u r i n g I n advance of 
temperature. The ' t r u e ' f a l s e alarm r a t e f o r Chi F c o u l d 
t h e r e f o r e be much lower than t h a t quoted i n the t e x t . 
3) The study of the Ushant f r o n t ( S e c t i o n 5) showed 
t h a t Chi F' maxima were often, though not always, 
a s s o c i a t e d with the thermocline, i n c o n t r a s t with the 
r e s u l t s of Pingree e t . a i . , (1976) and Aiken & T a y l o r 
(1984), who have r e p o r t e d c h l o r o p h y l l thermocline maxima 
over the whole s t r a t i f i e d a r e a of the c o n t i n e n t a l s h e l f . 
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However, Chi F* maxima were o c c a s i o n a l l y a l s o found i n the 
mixed water at around the same depth as the thermocline of 
the s t r a t i f i e d water. 
Chi F* showed no c o r r e l a t i o n a t any depth with e i t h e r 
water mass, or with the f r o n t a l region. 
The l a c k of c o r r e l a t i o n between Chi F' and s p e c i f i c 
water masses i s not, perhaps, s u r p r i s i n g , s i n c e t h i s was 
a l s o found to be the case i n the s u r f a c e monitoring 
programme, where i t was the r a t e s of change i n Chi F i n 
the v i c i n i t y of the f r o n t which were found to be c r i t i c a l , 
r a t h e r than a b s o l u t e l e v e l s . 
Although the r e s u l t s of t h i s study g i v e no f i r m 
I n d i c a t i o n t h a t Chi F' can be used as a means of d e t e c t i n g 
the s u b s u r f a c e p o s i t i o n of a f r o n t , the p o s s i b i l i t y 
cannot be r u l e d out. The r a p i d a d v e c t i o n of the two water 
masses on the E a s t / V e s t t r a n s e c t 5 ( S e c t i o n 5) i l l u s t r a t e 
t h a t I n s u f f i c i e n t depth p r o f i l e data were c o l l e c t e d to 
e s t i m a t e the r a t e s nf change i n Chi F* between p r o f i l e 
s t a t i o n s . 
Such a c a l c u l a t i o n would r e q u i r e continuous 
f l u o r e s c e n c e measurements over the water column a c r o s s the 
f r o n t . One p o s s i b l e method f o r making measurements of 
t h i s s o r t may be the use of an u n d u l a t i n g oceanographic 
re c o r d e r (Aiken & Taylor, 1964), although t h i s a l s o poses 
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problems due to the way the Instrument samples over the 
water column. 
4) The s u r f a c e monitoring programmes ( S e c t i o n s 4 & 5) 
i n d i c a t e d t h a t changes i n pH a l s o occured i n the v i c i n i t y 
of s h e l f - s e a f r o n t s , s u g g e s t i n g t h a t the r e a l - t i m e 
monitoring of pH might o f f e r some p o t e n t i a l a s an advance 
warning technique. However, such v a r i a t i o n s i n pH were 
not found to be c o n s i s t e n t f e a t u r e s of the f r o n t a l 
systems, but appeared to be l o c a l p e t u r b a t i o n s , p o s s i b l y 
brought about as a consequence of b i o l o g i c a l a c t i v i t y . 
5) The r e s u l t s ' of the s u r f a c e monitoring programme 
a c r o s s the Ushant f r o n t ( S e c t i o n 5) showed t h a t a t a r a t e 
of change of 0.4% (pHl), pH d e t e c t e d 63% of the c r o s s i n g s 
and 30% of the s k i r t i n g s , the f a l s e a larm r a t e being 33%, 
with 25% of the d e t e c t i o n s o c c u r r i n g 0.5 t o 1.5 m i l e s i n 
advance of T l . 
pH2 (0.3%) d e t e c t e d 75% of c r o s s i n g s and 40% of 
s k i r t i n g s , with a f a l s e alarm r a t e of 33%. The percentage 
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of alarms r a i s e d i n advance of T l rose s l i g h t l y to 27%, 
and the d i s t a n c e advantage i n c r e a s e d to 0.5 to 2.0 m i l e s . 
I n c r e a s i n g the s e n s i t i v i t y of t h i s parametei- by 
lowering the r a t e of chafive below 0.3% d i d not improve the 
percentage of d e t e c t i o n s , but merely r e s u l t e d i n an 
i n c r e a s e i n the f a l s e alarm r a t e . 
pHl and pH2 f l a g g e d f a r fewer alarms i n advance of T l , 
with a much higher f a l s e a larm r a t e , than d i d CI and C2. 
Also, I f the s e n s i t i v i t y of the r a t e of change i n pH was 
r a i s e d beyond 0.3%, alarms were flagged i n what appeared 
to be a random p a t t e r n , b e a r i n g l i t t l e r e l a t i o n to e i t h e r 
l a r g e or s m a l l v a r i a t i o n s i n temperature. On these 
grounds, t h e r e f o r e , the argument t h a t some of the alarms 
designated as f a l s e a r e a c t u a l l y I n d i c a t i o n s of the 
proximity of another water mass, would not appear to be a s 
s t r o n g f o r pH as f o r Chi F. 
6) Although the s u r f a c e monitoring programme i n d i c a t e d 
some p o t e n t i a l a s an advance warning technique, pH 
measurements showed no c o r r e l a t i o n with e i t h e r mixed or 
s t r a t i f i e d water a t any depth throughout the water column 
I t i s t h e r e f o r e c o n s i d e r e d u n l i k e l y t h a t any advantage 
would be gained by using pH <in p r e f e r e n c e to Chi F) to 
d e t e c t e i t h e r s u r f a c e , or subsurface, f r o n t s . 
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7) No c o r r e l a t i o n was found a t any depth between ATP 
and e i t h e r mixed or s t r a t i f i e d water masses, or the 
f r o n t a l r egion ( S e c t i o n 5 ) . 
I t i s , of course, p o s s i b l e t h a t the same arguments 
which have been a p p l i e d to Chi F' d i s t r i b u t i o n (where i t 
i s the rate of change which i s c r i t i c a l , r a t h e r than the 
absolute c o n c e n t r a t i o n ) may a l s o apply to ATP. However, 
s i n c e i n s u f f i c i e n t depth p r o f i l e data were c o l l e c t e d to 
estimate the r a t e s of change i n ATP c o n c e n t r a t i o n between 
p r o f i l e s t a t i o n s , and continuous monitoring techniques 
a l r e a d y e x i s t f o r c h l o r o p h y l l f l u o r e s c e n c e , but not f o r 
ATP e s t i m a t i o n s , i t i s u n l i k e l y t h a t the development of 
t h i s method as a r e a l - t i m e d e t e c t i o n method would prove 
more p r o f i t a b l e . t h a n the use of Chi F'. or of Chi F. 
8 ) . E s t i m a t e s of p a r t i c l e s i z e counts a c r o s s the f r o n t 
were found to be u n p r a c t i c a b l e due to d i f f i c u l t i e s i n 
l e v e l i n g the mercury i n the C o u l t e r Counter manometer a t 
sea. I t was co n s i d e r e d t h a t t h i s problem could not be 
overcome by the use of a gimbal mounting. 
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9) I n c o n t r a s t to the f i n d i n g s of Slovacek & Hannan 
(1977), the r e s u l t s of the present study ( S e c t i o n 5) 
i n d i c a t e t h a t , i n n a t u r a l marine phytoplankton 
populations, DCMU a d d i t i o n does not g i v e maximal In vivo 
f l u o r e s c e n c e y i e l d s which are a con s t a n t f u n c t i o n of 
c e l l u l a r c h l o r o p h y l l ^. 
Although F+DCMU was enhanced i n the m a j o r i t y of 
samples, F+DCKU d i d not always show a b e t t e r c o r r e l a t i o n 
with Chi S than d i d F-DCMU, and i n some c a s e s , the 
c o r r e l a t i o n between f l u o r e s c e n c e and Chi S was a c t u a l l y 
reduced. The degree of c o r r e l a t i o n between F+DCMU and Chi 
S d i d not appear to be a f u n c t i o n of temperature, n u t r i e n t 
s t a t u s or of the l i g h t / d a r k c y c l e . I n a d d i t i o n , the 
d i s t r i b u t i o n of F+DCMU throughout the water column showed 
no c o r r e l a t i o n with e i t h e r the mixed or s t r a t i f i e d water 
a c r o s s the f r o n t . I t would not appear, t h e r e f o r e , t h a t 
the a d d i t i o n of DCMU would giv e a more a c c u r a t e e s t i m a t i o n 
of Chi S, nor i s the a d d i t i o n of DCMU by continuous 
i n j e c t i o n techniques l i k e l y to improve the degree of 
advance warning given by Chi F on approaching a f r o n t . 
10) The p o s s i b i l i t y must be co n s i d e r e d t h a t the very 
f a c t o r s which a f f e c t the f l u o r e s c e n c e : c h l o r o p h y l l a r a t i o , 
such a s l i g h t , n u t r i e n t s t r e s s , the p h y s i o l o g i c a l s t a t e of 
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the organisms e t c . , may, a t l e a s t i n part, be r e s p o n s i b l e 
f o r the observed changes i n s u r f a c e Chi F i n the v i c i n i t y 
of f r o n t s , and t h a t the determination of absolute 
c h l o r o p h y l l l e v e l s may a c t u a l l y reduce r a t h e r than enhance 
i t s p o t e n t i a l a s a r e a l - t i m e d e t e c t i o n method. 
11) T r a d i t i o n a l sampling methods, such a s the use of 
Nansen b o t t l e s or pumps i n c o l l e c t i n g samples for pigment 
a n a l y s i s , imply some s o r t of s t e a d y s t a t e over the water 
column. However, although very l i t t l e i s known of the 
e f f e c t s of i n t e r n a l waves propagating o n - s h e l f from the 
s h e l f - b r e a k , Aiken & T a y l o r (1984) have shown that, i n the 
E n g l i s h Channel, i n t e r n a l wave a c t i o n can move the 
c h l o r o p h y l l maximum over a d i s t a n c e of 10m with a p e r i o d 
of about 10 minutes. 
I n t e r n a l wave a c t i v i t y t h e r e f o r e poses methodological 
problems i n sampling procedures, and may t h e r e f o r e have 
been a c o n t r i b u t a r y f a c t o r to the v a r i a t i o n i n the 
c o r r e l a t i o n found between Chi F and Chi S i n the present 
study, where f l u o r e s c e n c e was measured on the downcast 
10 minutes) and samples taken f o r pigment a n a l y s i s on 
the upcast (== 20 minutes) . 
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12) I n t e r n a l wave a c t i v i t y , combined with a change i n 
water mass, was r e s p o n s i b l e f o r masking any v a r i a t i o n i n 
in viva c h l o r o p h y l l f l u o r e s c e n c e y i e l d d u r i n g the 24 hour 
survey c a r r i e d out a t L i t t l e S ole Bank ( S e c t i o n 6 ) . 
I t was expected t h a t the r e l a t i o n s h i p between Chi F and 
Chi S over the 24 hour survey period would be c o n s i s t e n t 
with the r e s u l t s obtained by other workers (Karabashev & 
Solov'yev, 1976; Owens e t . a J . , 1960), with the h i g h e s t 
c o r r e l a t i o n between Chi F and Chi S being found a t 
midnight, and the lowest a t noon. T h i s was not the case, 
however. 
I f in vivo c h l o r o p h y l l f l u o r e s c e n c e was e x h i b i t i n g a 
p e r i o d i c i t y (even i f out of phase with t h a t reported i n 
the l i t e r a t u r e ) , then the c o r r e l a t i o n s between Chi F and 
Chi S a t the same times of day should have been s l i n i l a r . 
However, t h i s was not found to be the case. D i e l 
p e r i o d i c i t y was not, t h e r e f o r e , the major f a c t o r 
i n f l u e n c i n g the i n vivo f l u o r e s c e n c e y i e l d . 
The changes i n the depth of the isotherms showed a 
s i m i l a r p a t t e r n to the d i s t r i b u t i o n of Chi F', s u g g e s t i n g 
t h a t the changes i n Chi F over the survey period were 
s t r o n g l y r e l a t e d t o changes i n the temperature s t r u c t u r e 
of the water column which were masking any d i u r n a l 
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Figure 2.4.5. D i s t r i b u t i o n of (a) Log ATP, (b) Chi S (mg m'^'), 
(c) Chi F' (mg m-^), <d) pH and (e) temperature C O at 80m f o r 





L i s t o f F i g u r e s 
F i g u r e 3 . 1 . L i t t l e S o l e Bank, 19-20 June 1984. 
D i s t r i b u t i o n o f C b l F ' , C b l S» Log ATP. 
p h o s p h a t e , n i t r a t e , s i l i c a t e and pH w i t h 
d e p t h <0-100m> a t P r o f i l e S t a t i o n s 2 t o 15. 
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Figure 3 . 1 . 1 . L i t t l e Sole Bank, 19-20 June 1984. D l s t r l b i t l o n of 
(a) Chi F' ( E g m-=^ ) and (b) Chi S (mg m"^) w i th depth (0-lOOm) at 
P r o f i l e Stat ions 2 t o 15. 
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Figure 3 .1 .2 . L i t t l e Sole Bank. 19-20 June 1984. D l s t r l b i t i o n of 
(a) Log ATP and (b) phosphate (ppb) w i t h depth (0-lOOm) at P r o f i l e 
Stat ions 2 to 15. 
APPEiroiX 3 ( c o n t i n u e d ) 
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Figure 3.1.3. L i t t l e Sole Bank, 19-20 June 1984. D l s t r i b i t l o n of 
(a) n i t r a t e (ppb) and (b) s i l i c a t e (ppb) w i t h depth (0-lOOm) at 
P r o f i l e Stat ions 2 t o 15. 
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Figure 3.1.4. L i t t l e Sole Bank, 19-20 June 1984. D l s t r i b l t i o n of 
pH wi th depth (O-lOOm) at P r o f i l e Stat ions 2 to 15. 
